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PREFACE  TO  THE  SECOND  EDITION. 

IN  preparing  this  edition  the  general  scheme  followed 
in  the  first  has  been  adhered  to,  it  having  met  with  the 
approval  of  readers  and  critics.  The  subject-matter 
has  been  amended  here  and  there  as  experience  has 
directed,  and  new  portions  added,  so  that  the  book 
has  been  brought  well  up  to  date.  The  author's 
thanks  are  due  to  many  friends  who  have  taken  an 
interest  in  the  book,  and  have  made  many  suggestions 
for  its  improvement,  many  of  which  will  be  found 
incorporated  in  this  new  edition. 

The  tables  on  pages  67,109  and  113,  referring  to 
the  properties  of  Scotch,  American  and  Russian  oils, 
and  the  tables  of  viscosities  of  oils  on  page  233,  have 
been  revised  and  extended. 


G.  H.  H. 


MANCHESTER, 

December,  1901. 
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PREFACE  TO  THE  FIRST  EDITION. 

THIS  little  book  has  been  written  with  the  object  of 
supplying  oil  dealers  and  users  with  some  information 
as  to  the  various  oils  which  are  used  for  the  purpose 
of  lubricating  machinery,  and  this  object  has  been 
kept  in  view  throughout,  and  the  special  properties 
of  various  products  which  cause  them  to  be  of  value 
as  lubricants  are  particularly  pointed  out ;  while  only 
those  oils  which  are  at  all  in  extensive  use  for  this 
purpose  are  mentioned,  the  mineral  or  hydrocarbon 
oils,  which  have  largely,  if  not  entirely,  displaced  the 
fatty  oils,  having  special  attention  given  to  them. 

It  is  not  intended  that  this  book  should  be  a  full 
treatise  on  the  preparation  of  the  various  oils,  but 
some  information  which  it  is  thought  will  be  sufficient 
for  the  purpose  is  given  on  this  subject. 

The  chapter  on  the  Analysis  of  Oils  is  not  written 
with  a  view  of  making  the  reader  an  expert  oil  analyst, 
but  is  confined  to  giving  some  details  of  the  best 
methods  of  testing  oils  with  a  view  of  enabling  the 
dealer  or  consumer  to  make  ordinary  and  regular 
tests  of  the  quality  of  his  oils,  while  he  is  recom- 
mended to  engage  the  services  of  an  analyst  in  special 
cases  which  may  arise. 

In  the  chapter  on  Lubrication  an  endeavour 
has  been  made  to  deal  with  the  principles  of  that 
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important  subject ;  unfortunately,  information  is 
lacking  as  to  the  real  value  of  various  oils  in 
the  lubrication  of  machinery,  and  any  one  who 
is  in  a  position  to  do  so  would  confer  a  favour  on 
machinery  users  by  making  a  series  of  observations 
on  this  subject  and  giving  his  results  to  the  world. 

GEORGE  H.  HUKST. 

CHEMICAL  LABORATORY, 

22  BLACKFRIARS  STREET,  SALFORD, 
October,  1896. 
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CHAPTER  I. 

INTRODUCTORY. 
OILS  AND  FATS. 

OILS  and  fats  are  a  group  of  valuable  bodies  employed  for 
a  great  variety  of  purposes,  formerly  obtained  solely  from 
animal  or  vegetable  sources,  but  of  late  also  from  mineral 
sources,  which  have  certain  special  characteristics  that  dis- 
tinguish them  from  other  bodies.  An  oil  is  a  liquid  body, 
a  fat  is  a  soft  solid  body ;  but  often  it  is  purely  a  question  of 
temperature  or  climatic  conditions  as  to  whether  a  particular 
product  be  an  oil  or  a  fat.  Olive  oil  is  in  the  country  of 
origin  always  a  liquid,  but  in  this  country  we  are  familiar  with 
the  fact  that  in  the  winter- time  it  sets  into  a  solid  fat,  while  in 
Iceland  it  would  be  considered  a  fat  pure  and  simple ;  coco- 
nut oil  in  Ceylon,  where  it  is  largely  extracted,  is  a  water- 
white  fluid  oil ;  here  it  is  always  a  solid  fat.  Other  examples 
could  be  quoted  to  show  that  the  distinction  between  oils 
and  fats  is  but  a  nominal  one. 

The  special  features  which  distinguish  the  oils  and  fats 
from  all  other  groups  of  compounds  are  : — 

1.  They  are  mostly  liquid  bodies  which  are  lighter  than 
water,  the  specific  gravity  ranging  from  0*730  to  0*980.  Fats 
are  also  lighter  than  water. 
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2.  They  are  viscous  bodies  as  a  rule.     Some  of  the  lighter 
oils  or  products  which  will  he  dealt  with   are   limpid    like 
water,  but  such  are  only  grouped  with  the  oils  on  account  of 
their  other  general  features ;  viscosity  is  the  characteristic 
property  of  an  oil. 

3.  They  impart  a  transparent  greasy  stain  to  paper,  which 
is  permanent  as  a  rule. 

4.  They  are  quite  insoluble  in  water,  but  slightly  so  in 
alcohol,  although  in  this  respect  they  vary  very  much  ;  castor 
oil  is  completely  soluble  in  alcohol,  olive  oil  but  partially  so  ; 
the  hydrocarbon  oils  are  insoluble.      The  oils  and  fats  are 
readily  soluble  in  ether,  carbon  bisulphide,  turpentine,  benzol, 
chloroform,  and  some  other  solvents  of  a  similar  character; 
with  the  single  exception  of  castor  oil,  they  are  all  soluble  in 
petroleum  spirit. 

Oils  are  divisible  into  two  large  groups  : — 

(1)  Fatty  oils  and  fats. 

(2)  Hydrocarbon  oils. 

1.  Fatty  Oils  and  Fats. — It  will  be  sufficient  in  this 
place  to  mention  that  these  oils  are  compounds  of  the  three 
elements,  carbon,  hydrogen  and  oxygen  ;  while  this,  however, 
is  the  ultimate  chemical  composition  of  the  oils  and  fats 
belonging  to  this  group,  they  may  be  resolved  into  simpler 
bodies  than  themselves  by  a  process  of  proximate  analysis, 
viz.,  into  glycerine,  and  one  or  more  bodies  of  an  acid  nature, 
which  are  hence  known  as  fatty  acids.  In  another  chapter 
this  question  will  be  dealt  with  in  detail.  All  the  fatty  oils 
and  fats  are  derived  from  the  animal  and  vegetable  kingdoms 
of  nature ;  while  some  are  liquid  and  are  then  known  as  oils, 
others  are  solids,  generally  of  a  soft  consistency  like  butter, 
and  then  they  are  called  fats  ;  but,  as  pointed  out  above,  the 
distinction  between  an  oil  and  a  fat  is  usually  brought  about 
by  climatic  conditions. 

When  boiled  with  a  solution  of  either  caustic   soda   or 
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caustic  potash,  oils  and  fats  undergo  a  chemical  change, 
resulting  in  the  production  of  what  is  known  as  soap  together 
with  glycerine.  This  change  is  termed  saponification ;  at 
one  time  the  term  was  restricted  to  that  change  brought 
about  by  the  action  of  alkalies,  but  it  has  since  been  extended 
by  chemists  to  include  the  decomposition  of  fats,  etc.,  into 
glycerine  and  fatty  acids,  no  matter  by  what  means  this 
change  is  brought  about.  Glycerine  is  obtained  only  from 
fats  and  oils,  hence  these  bodies  are  often  termed  glycerides 
to  indicate  this  fact. 

2.  Hydrocarbon  Oils. — What  were  originally,  and  often 
now  are  so,  called  mineral  oils,  but  which  are  better  classed 
under  the  term  hydrocarbon  oils,  are  derived  wholly  from  the 
shale  and  crude  petroleums  of  the  mineral  kingdom.  They 
contain  only  the  two  elements,  carbon  and  hydrogen.  These 
two  elements  have  the  singular  property  of  combining 
together  in  varying  proportions  to  form  a  very  large  number  of 
compounds,  known  as  "  hydrocarbons,"  of  which  more  will  be 
said  presently.  The  hydrocarbon  oils,  which  will  be  con- 
sidered here,  have  widely  varying  properties ;  some  are  very 
volatile  bodies,  water- white  in  colour  and  very  limpid  ;  others 
are  pale  yellow  but  fluid ;  while  others  again  are  of  a  some- 
what deeper  colour,  and  rather  viscid  in  character ;  while 
others  again  are  of  a  buttery  consistence  at  the  ordinary 
temperature.  Some  of  the  hydrocarbons,  which  will  be 
considered,  are  of  a  wax-like  nature,  and  form  the  valuable 
product,  paraffin  wax.  The  lighter  of  these  products  are  very 
inflammable,  and  will  burn  freely  at  the  ordinary  temperature  ; 
such  are  chiefly  employed  as  solvents  in  paint  and  varnish 
making ;  others  do  not  burn  quite  so  readily,  but  when  burnt 
with  a  wick  in  a  lamp  give  a  good  white  light,  and  hence 
find  considerable  employment  as  burning  or  illuminating 
oils.  The  heavier  oils  are  employed  in  the  lubrication  of 
machinery,  for  which  purpose  they  have  largely  supplanted 
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the  vegetable  and  animal  oils.  One  feature  of  these  hydro- 
carbon oils,  which  distinguishes  them  from  the  fatty  oils, 
is  that  they  are  not  acted  upon  by  caustic  soda  or  caustic 
potash.  They  also  possess  some  amount  of  fluorescence 
or  bloom,  varying  according  to  the  source  from  whence  the 
oil  was  derived  ;  such  fluorescence  is  not  possessed  by  any 
fatty  oils. 

Besides  the  fatty  oils,  vegetables  and  plants  often  contain 
other  bodies  of  an  oily  nature,  which  possess  a  characteristic 
taste  or  odour  closely  resembling  the  characteristic  odour 
or  taste  of  the  plant  from  whence  it  came ;  and  it  is  obvious 
that  to  these  oily  products  the  plant  owes  its  characteristic 
odour  or  taste.  These  have  been  named  the  "  essential 
oils,"  and  they  differ  markedly  in  their  properties  and 
composition  from  the  fatty  oils.  Sometimes  a  plant  will 
yield  both  kinds  of  oil — a  familiar  example  being  the 
mustard.  From  this  can  be  expressed  by  pressure  a 
smooth  bland  oil  possessing  all  the  characters  of  a  fatty 
oil.  Then  by  distillation  there  can  be  obtained  a  white 
or  almost  white  oil,  which  possesses  in  a  marked  degree 
the  peculiar  odour  and  taste  of  the  mustard.  This  is 
the  essential  oil  of  mustard.  These  oils  will  not  be  dealt 
with  in  this  book. 

Oils  are  used  for  a  great  variety  of  purposes  :  in  lubricating 
machinery,  illuminating,  soap-making,  food,  medicine,  etc., 
etc.  In  each  particular  use,  certain  properties  and  certain 
oils  are  brought  into  play.  For  lubricating  machinery 
dependence  is  placed  on  their  viscid  nature  and  their  smooth 
qualities  ;  in  illuminating,  the  fact  that  they  are  combustible  ; 
for  soap-making  only  the  fatty  oils  are  available,  because 
they  are  the  only  ones  which  can  be  saponified.  Certain  oils 
are  employed  for  food  on  account  of  their  pleasant  taste  or 
odour ;  while  in  medicine  oils  and  fats  are  convenient 
vehicles  for  applying  many  remedies  to  the  human  body,  and 
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in  certain  cases,  as  in  burns  or  scalds,  they  have  a  soothing 
tendency  which  makes  them  act  beneficially.  A  book  which 
shall  deal  with  oils  and  fats  in  all  their  applications  has  far 
too  wide  a  scope.  Hence  the  present  work  will  be  restricted 
almost  entirely  to  considering  oils  and  fats  from  the  point  of 
view  of  their  use  as  lubricants. 


CHAPTER  II. 

HYDROCARBON    OILS. 

THE    hydrocarbon   oils,    or,   as   they   are   frequently  termed, 
mineral  oils,  are  obtained  from  two  sources  :— 

1.  From  oil  shales  found  in  Scotland  and  elsewhere. 

2.  From  petroleum  found  in  America,  Eussia  and  else- 
where. 

It  is  owing  to  the  fact  that  they  were  first  of  all  obtained 
from  the  Scotch  shale  that  they  obtained  their  name  of 
"mineral  oils,"  and  which  is  still  used  to  designate  them 
without  distinction  as  to  their  origin.  Their  name  of 
hydrocarbon  oils  comes  from  the  fact  of  their  being  mixtures 
of  various  compounds  of  carbon  and  hydrogen. 

The  hydrocarbon  oils  are  produced  by  a  process  of 
distillation  from  the  raw  material,  of  whatever  origin  that 
might  be ;  and,  as  the  products  obtained  are  different  from 
the  materials  employed,  the  distillation  is  essentially  a 
destructive  one  resulting  in  the  production  of  new  com- 
pounds. 

Distillation. — Many  bodies  are  capable  of  existing  in  more 
than  one  of  the  forms  in  which  bodies  make  their  appearance 
in  nature.  Water,  for  instance,  is  known  to  be  a  solid,  a 
liquid,  or  a  gas — according  to  the  circumstances  under  which 
it  exists  at  the  moment.  Alcohol  can  exist  as  a  liquid  or  as 
a  gas.  Benzol,  turpentine,  aniline,  ether,  chloroform,  are 
also  examples  of  bodies  which  are  known  in  two  forms. 
Generally,  indeed,  it  is  always  simply  a  question  of  tempera- 
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ture  which  determines  whether  a  body  shall  be  a  solid,  or  a 
liquid,  or  a  gas.  Sometimes  pressure  influences  the  conditions 
in  a  manner  which  will  be  indicated  presently. 

When  a  solid  body  is  heated,  it  begins  generally  to 
liquefy,  the  temperature  at  which  it  becomes  liquid  being 
called  its  melting  point.  This  varies  considerably  with 
different  bodies.  Some  melt  below  0°  C.,  others  but  little 
above,  while  others  have  a  high  melting  point,  as,  for  instance, 
copper,  iron  and  most  metals.  Other  bodies  again  cannot  be 
melted  with  the  means  at  present  at  the  disposition  of  the 
chemist ;  such  are  said  to  be  infusible. 

Liquids,  when  heated,  enter  into  ebullition,  and  pass  off 
into  the  state  of  vapour  or  gas.  The  temperature  at  which 
they  do  this  is  called  the  boiling  point.  This  point  varies 
very  much.  Some  liquids  boil  below  the  freezing  point  of 
water,  others  at  temperatures  but  little  above,  while  some 
boil  at  temperatures  above  that  of  water.  Some  bodies 
which  are  solid  at  the  ordinary  temperature  liquefy  on 
heating,  but  do  not  give  off  any  gas  at  any  higher  tempera- 
ture. There  are  some  solid  bodies,  e.g.,  ammonium  chloride, 
which  pass  at  once  from  a  state  of  solid  into  that  of  gas  on 
heating. 

If  the  vapour  of  a  liquid  be  passed  through  an  apparatus, 
by  means  of  which  it  can  be  cooled,  it  will  condense  back 
again  into  the  liquid  form  in  which  it  originally  existed. 
This  is  called  distillation.  A  distilling  apparatus  consists 
essentially  of  three  portions :  first,  a  retort,  or  still,  in  which 
the  body  may  be  heated  to  convert  it  into  vapour  or  gas ; 
the  second  portion  consists  of  an  arrangement  for  cooling  the 
vapours — 'this  is  called  the  "  condenser  "  ;  while  the  third  and 
last  portion  consists  of  a  vessel  to  collect  the  condensed 
liquid  or  distillate  as  it  is  called  in. 

Distillation  is  of  two  kinds,  simple  and  destructive. 
When  the  distillate  possesses  all  the  characteristics  of  the 


8  LUBEICATING   OILS. 

original  body,  in  fact  when  all  that  the  heat  applied  has  done 
is  to  convert  the  body  into  vapour  which  is  condensed  again 
in  the  other  portions  of  the  plant,  we  have  a  case  of  simple 
distillation.  On  the  other  hand,  when  the  products  of 
distillation  are  different  from,  and  have  evidently  been  pro- 
duced by,  the  destruction  of  the  original  substance,  then  it  is 
a  case  of  destructive  distillation. 

Simple  distillation  always  occurs  with  bodies  of  simple 
molecular  composition,  as,  for  instance,  with  water,  alcohol, 
benzol,  turpentine,  etc.  On  the  other  hand,  such  bodies  as 
the  oils  and  fats,  starch,  wood,  coal,  etc.,  whose  molecular 
composition  must  be  of  a  most  complex  character,  cannot  be 
distilled  without  undergoing  destructive  distillation,  without 
their  molecules  being  broken  up  into  two  or  more  compounds 
of  a  simpler  composition. 

It  has  been  pointed  out  that,  in  all  cases  of  destructive 
distillation,  there  is  a  tendency  for  one  of  the  elements  in  the 
body  to  remain  behind  in  the  retort,  or  still,  in  greater  pro- 
portion than  what  it  exists  in  the  original  compound.  Mills 
has  called  if  a  case  of  "  cumulative  resolution  ". 

Take,  for  instance,  glycerine  or  glycerol.  This  on  being 
distilled  loses  water,  and  passes  into  what  is  called  a  poly- 
glycerine,  the  final  product  being  a  hydrocarbon  according 
to  the  equations  :  — 

C3H803  -  H20  =  C3H6O2 
C3H602  -  H20  =  C3H40 
C3H40  -  H20  =  C3H2 

In  the  case  of  cellulose,  we  may  suppose  that  action  goes 
on  in  accordance  with  the  following  equations  :  — 

C6H1005  -  H20  =  C6H804 


C6H6  03  -  H20  =  C6H402 
C6H4  02  -  H20  =  C6H20 
C6H20  -H20  =  C6 
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'The  ultimate  result  being  carbon,  which  is  also  the  ultimate 
result  obtained  in  distilling  coal,  shale,  peat,  wood  and  other 
carbonaceous  materials. 

In  actual  practice  the  products  obtained  in  the  destructive 
distillation  of  wood,  etc.,  are  not  so  simple  as  are  represented 
here ;  while  much  water  is  always  given  off,  some  of  the 
carbon  comes  over  in  combination  with  the  hydrogen  as 
hydrocarbon  compounds ;  some  comes  over  in  combination 
with  both  hydrogen  and  oxygen  in  the  form  of  acid  or 
phenolic  compounds,  such  as  acetic  acid,  phenol,  cresylic 
acid,  etc. 

The  nature  of  the  products  obtained  in  the  destructive 
distillation  of  bodies  like  coal,  wood,  etc.,  depends  upon, 
first,  the  composition  of  the  body,  and  secondly,  the  tempera- 
ture at  which  the  distillation  takes  place. 

First,  as  to  the  composition  of  the  body,  wood  will 
naturally  give  rise  to  a  very  different  series  of  products  than 
coal,  and  the  latter  different  again  to  shale.  The  purity  of 
the  compound  also  has  some  influence ;  when  pure  it  does 
not  undergo  destruction  to  the  same  extent  as  if  impure. 
When  an  organic  compound  is  mixed  with  an  infusible 
inorganic  compound,  like  limestone  or  clay,  then  a  higher 
temperature  is  required  to  distil  the  body,  and  a  greater 
decomposition  of  the  body  results,  and  products  of  a  simpler 
chemical  composition  are  obtained.  This  is  seen  in  the  cases 
•of  the  shale  and  coal  industries.  In  the  former  case  the 
.substance  dealt  with  contains  much  mineral  matter  of  an 
infusible  character,  the  result  being  that  a  wide  variety  of 
products  are  obtained,  most  of  which  have  a  simple  chemical 
composition  and  constitution.  On  the  other  hand,  coal  is 
fairly  free  from  any  mineral  impurity,  and  the  products  from 
it  are  more  complex  in  character. 

Whenever  chlorine,  sulphur,  oxygen  and  nitrogen  are 
present  in  carbonaceous  bodies,  these  always  tend  to  cause 
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the  production  of  compounds  containing  them  ;  thus  sulphur 
always  causes  the  formation  of  sulphides  and  other  sulphur 
compounds  in  the  distillate,  chlorine  forms  chlorides,  oxygen 
gives  rise  to  the  presence  of  oxy  acids  and  phenols  in  the 
products,  while  nitrogen  results  in  the  production  of  various- 
nitrogen  bases.  Thus  it  is  that  coal,  shale  or  wood,  when 
distilled,  yield  aniline,  pyridine  bases,  phenol,  cresol,  sul- 
phides, etc.  Often  these  are  a  source  of  trouble  to  the 
refiner  of  the  products.  More  especially  is  this  the  case  in 
the  shale  industry,  where  the  oxygen,  nitrogen  and  other 
products  are  more  or  less  of  the  nature  of  impurities,  and 
have  to  be  got  rid  of ;  a  work  which  entails  some  labour  and 
expense  to  the  shale  oil  refiner.  Sulphur  in  shale  and 
petroleum  has  also  been  found  to  cause  a  smaller  yield  of 
solid  paraffin  wax  being  obtained,  a  feature  which  is  rather 
undesirable. 

The  temperature  at  which  the  distillation  is  conducted 
has  a  material  influence  on  the  character  and  quantity  of  the 
products.  When  the  temperature  is  comparatively  high,  as 
it  is  in  coal  gas-making,  then  there  is  produced  a  large 
quantity  of  gas  of  simple  chemical  composition,  containing 
much  hydrogen,  methane,  ethene,  acetylene  and  other 
gaseous  bodies.  The  characteristic  products  are  a  series  of 
what  are  called  aromatic  hydrocarbons,  of  which  benzene,, 
toluene,  naphthalene,  anthracene  are  the  most  important 
members  ;  besides  these  there  are  certain  phenolic  and  amido- 
compounds  derived  from  them. 

When  the  operation  is  carried  on  at  a  dull  red  heat,  such 
as  was  attained  in  the  early  days  of  the  shale  oil  industry,, 
while  a  large  quantity  of  gas  is  produced,  there  are  no 
aromatic  hydrocarbons,  but  a  large  quantity  of  paraffin  and 
olefin  hydrocarbons  with  some  ethers,  such  as  pyrene,chrysene,. 
etc.,  of  a  rather  complex  composition,  together  with  certain 
pyridine  bases  and  phenolic  compounds. 


HYDROCARBONS. 
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At  a  low  red  heat,  such  as  is  attained  in  the  most  modern 
shale  retorts,  the  products  are  a  small  quantity  of  gas  of 
high  illuminating  power,  a  large  yield  of  liquid  hydrocarbons, 
of  the  paraffin  and  olefin  series,  together  with  phenolic  com- 
pounds and  pyridine  bases. 

The  following  table  shows  the  characteristic  products 
obtained  in  the  distillation  of  coal,  shale,  wood  and  petroleum,, 
the  most  important  being  shown  in  italic  type  : — 


PKODUCTS  OF  DISTILLATION. 


Products. 


Coal. 


Shale. 


Wood. 


Petroleum. 


Hydrogen 

large 

traces 

large 

present 

Gaseous  Hydrocarbons 

Methane    CH4    and 

Paraffins 

large 

large 

large 

present 

Olefins 

large 

large 

considerable 

present 

Acetylenes 

present 

none 

none 

none 

Liquid  and  Solid 

Hydrocarbons 

Liquid  Paraffins 

small 

large 

absent 

very  large 

Solid 

traces 

considerable 

present 

moderate 

Liquid  Olefins 

small 

very  large 

none 

considerable- 

Pseudo  Ole- 

fins 

none 

none 

none 

present 

,,         Acetylenes 

present 

present 

none 

none 

Benzene,  etc. 

large 

trace 

moderate 

present 

Naphthalene 

large 

none 

moderate 

none 

Anthracene 

moderate 

none 

none 

present 

Chrysene 

moderate 

considerable 

present 

present 

Oxygenated  Bodies 

Acetic  Acid 

present 

present 

large 

none 

Methyl  Alcohol 

none 

none 

considerable 

none 

Phenols 

large 

considerable 

moderate 

none 

Oxy  phenols 

none 

large 

large 

none 

Nitrogenised  Bodies 

Ammonia  NH3 

considerable 

considerable 

none 

none 

Anilines 

present 

none 

none 

none 

Pyridines 

considerable 

considerable 

none 

none 

Acridine 

present 

none 

none 

none 

Carbazol 

present 

none 

none 

none 

Sulphur  Compounds 

present 

present 

none 

present 

HYDROCARBONS. 


There  are  a  very  large  number  of  compounds  of  carbon 
and  hydrogen.     Their  study  is  much  simplified  by  the  fact 


12  LUBEICATING    OILS. 

that  they  can  be  divided  into  groups  or  families,  in  which 
there  is  a  certain  definite  relationship  between  the  proportions 
•of  carbon  and  hydrogen  contained  in  members  of  each  group, 
while  the  general  properties  and  reactions  of  the  members 
of  each  family  so  closely  resemble  each  other  that  a  study  of 
•one  will  give  a  full  clue  to  the  properties  of  all  the  other 
members  of  the  family. 

It  may  be  convenient  and  not  without  some  value  if  the 
special  features  of  each  of  these  groups  of  hydrocarbons  are 
pointed  out. 

FAMILIES  OF  HYDROCARBONS. 

1.  CnH2n  +  2  series.     Paraffins.     This  is  a  very  com- 
plete series,  comprising  about  thirty  known  members, 
some  of  which  are  gaseous  at  the  ordinary  tempera- 
ture, others  solid,  but  the  majority  are  liquids,  more 
or  less  volatile.     Of  this  series  more  will  be  said 
later  on.     They  are  found  in  the  products  derived 
from  the  distillation  of  coal,  shale,  peat,  petroleum, 
wood,  etc. 

2.  CnH2n  series.     Sub-group  a.     Olefins.     Also  a  very 
complete    group    of    about    twenty   to   twenty-five 
members,  comprising  both  gases  and  liquids.     They 
are  present  in  the  products  of  the  distillation  of 
coal,  shale,  petroleum,  etc. 

Sub-group  b.  Paraffenes.  A  small  and  unimpor- 
tant family. 

Sub-group  c.  Naphthenes.  A  small  group  of  hydro- 
carbons, specially  characteristic  of  Eussian 
petroleum  and  rosin  distillates. 

The  two  sub-groups  a  and  c  will  be  dealt  with  in 
detail  later  on. 

3.  CnH2n    -    2   series.     Sub-group  a.     Acetylenes.     A 

small  group  found  in  coal  distillates. 
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Sub-group  b.     Allenes.     A  small  and  unimportant 

group. 
Sub-group  c.  Diallyl.  An  unimportant  hydrocarbon. 

4.  CnH2n  —  4   series.       Sub-group   a.     Valylene.      An 
unimportant  hydrocarbon. 

Sub-group  b.  Terpenes.  An  important  though  small 
group  of  hydrocarbons,  especially  characteristic 
of  essential  oils  from  plants. 

5.  CnH2n  —  6  series.     Sub-group  a.     Dipropargyl.     An 
unimportant  body. 

Sub-group  b.  Benzenes.  A  small  but  very  impor- 
tant group  of  hydrocarbons  found  chiefly  among 
the  distillates  from  coal  tar,  and  also  present  in 
small  quantities  in  American  petroleum. 

6.  CnH2n  —  8  series.     The  hydrocarbon   Cinnamene  is- 
the  only  known  member  of  this  group. 

7.  CnH2n  -  10  series.  Phenylacetylene.  Found  in  coal  tar. 

8.  CnH2n  —  12.       Naphthalene.       A    very    important 
hydrocarbon  found  in  coal  tar  distillates. 

9.  CnH2n  -  14.      Diphenyl.      An   unimportant   hydro- 
carbon. 

10.  CnH2n  -  16   series.     Stilbene.     A  coal  tar  hydro- 
carbon is  the  sole  representative  of  this  series. 

11.  CnH2n  -  18   series.      Anthracene.      An   important 
hydrocarbon  found  in  coal  tar  and  shale  distillates 
is  the  only  member  of  this  series  at  present  known. 

12.  CnH2n  -  20  series.     Eepresented  by  benzyl  naph- 
thalene. 

13.  CnH2n  -  22.     Pyrene,  which  is  present  to  a  large 
extent  in  the  crude  shale  oil,   is  almost  the  sole 
representative  of  this  series. 

14.  CnH2n  -  24  series.     Chrysene,  an  hydrocarbon  very 
abundant  in  crude   shale  oil,  is   the   only  known 
member  of  this  series. 
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15.  CnH2n  -  26  series. 


Represented  by  dinaphthyl. 

16.  CnH2n  -  28  series.     Not  known  at  present. 

17.  CnH2n  -  30   series    is  represented   by  picene,   an 
hydrocarbon  found  in  Californian  petroleum. 

Of  these  series  of  hydrocarbon  groups  only  three  possess 
much  interest  to  the  oil  chemist,  and  these  are  the  groups  of 
the  paraffins,  the  olefins,  and  the  naphthenes,  because  it  is 
these  three  groups  that  form  the  various  kinds  of  hydro- 
carbon naphthas,  burning  oils,  lubricating  oils,  and  paraffin 
waxes.  To  these  groups  of  hydrocarbons  it  is  worth  paying 
some  attention. 


PARAFFIN  OR  METHANE  GROUP  OF  HYDROCARBONS. 

General  formula  CnHgn  +  2.  £??   "fiyt  +  2.) 


Paraffin. 

Methane,  
Ethane,  
Propane,  

Chemical 
Formula. 

CH4 
C2H6 
C,H« 

Specific 
Gravity. 

gas 
gas 
gas 

Boiling 
Point  °C. 

-20 

gas 

-1 

Pentane,  
Hexane,    

C5Hi2 

C«HM 

0-600 
0-630 

37 
70 

Heptane  

0-712 

98 

Octane  .... 

0-730 

124 

Nonane,  

0-741 

136 

Decane 

*%cr*a 

0-757 

160 

Endecane 

0*765 

180 

Dodecane,  ...*.. 
Tridecane,  
Tetradecane,  .... 
Pentadecane,  .... 
Hexadecane 

Cl2H26 
C13H28 
^14^30 
^15^32 

^le^-M 

0-776 
0-792 
0-812 
0-830 
0-850 

196 
216 
236 
255 
276 

Heptadecane,  .... 
Octodecane 

Ci7H36 
^is-^ss 

Endecane,  
Icosane 

^19^40 

Hennicosane,  .... 

C21H44 

Triicosane,  
Triacontane,  .... 

C23H48 

C30H62 

PARAFFINS.  15 

From  this  table  it  will  be  seen  that  a  very  complete 
•series  of  this  group  of  hydrocarbons  is  known,  extending, 
without  a  break,  from  the  first  member  with  one  atom  of 
carbon  in  its  molecule,  to  the  twenty-third  with  twenty-three 
atoms  of  carbon  in  its  molecule.  If  the  formula  of  each  of 
the  members  of  this  series  be  examined,  it  will  be  seen  that 
one  member  differs  from  the  one  above  it,  or  the  one  below 
it,  by  containing  one  atom  of  carbon,  and  two  atoms  of 
hydrogen,  more  or  less  as  the  case  may  be.  This  difference 
of  CH2  between  the  members  of  a  group  is  not  peculiar  to 
the  paraffins,  but  extends  to  all  other  series  or  groups  of 
organic  compounds,  and  will  be  noticed  again  in  connection 
with  the  olefins  and  the  naphthenes.  If  the  formula  be 
further  examined,  it  will  be  found  that  the  proportion  of 
carbon  to  hydrogen,  in  each  of  these  bodies,  is  twice  the 
number  of  carbon  atoms  plus  two.  This  fact  is  expressed 
in  the  general  formula  CnH2n  +  2  applied  to  the  series  of 
paraffin  hydrocarbons.  The  paraffin  hydrocarbons  are  what 
are  called  saturated  hydrocarbons,  that  is,  the  affinities  of 
the  carbon  atoms  are  fully  satisfied  by  the  number  of  hydro- 
gen atoms  present,  and  therefore  these  compounds  cannot 
take  up  any  more  atoms  of  other  elements  to  form  new 
compounds,  as  is  the  case  with  other  series  of  hydrocarbon 
compounds.  To  obtain  new  bodies  from  the  paraffins,  it  is 
necessary  to  bring  them  into  contact  with  such  elements  as 
chlorine,  which  have  a  strong  affinity  for  hydrogen,  and  will 
take  it  out  of  a  compound  in  which  it  is  present ;  at  the 
same  time  an  equivalent  quantity  of  the  element  takes  its 
place.  Thus,  when  methane  is  treated  with  chlorine,  an  atom 
of  hydrogen  is  eliminated  from  the  methane,  chlorine  taking 
its  place,  and  forming  what  is  known  as  methyl  chloride, 
CH3C1,  while  hydrochloric  acid  is  formed  at  the  same  time. 

The  paraffin  series  of  hydrocarbons  has  the  following 
general  features :  The  first  members  of  the  series  are 
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gaseous  at  the  ordinary  temperatures  of  the  air;  the  next 
members  are  liquids  of  varying  degrees  of  specific  gravity  and 
boiling  points,  both  of  which  it  will  be  observed  increase  as 
the  complexity  of  the  hydrocarbon  molecule  increases ;  the 
higher  members  of  the  series  are  solid  bodies,  whose  melting 
points  increase  with  an  increase  in  the  number  of  atoms  of 
carbon  and  hydrogen  they  contain. 

They  are  not  acted  upon  by  treatment  with  caustic  soda 
or  caustic  potash  at  temperatures  below  the  boiling  point  of 
water  ;  melted  with  solid  caustic  alkalies  the  higher  members 
of  the  series  do  undergo  decomposition.  Treated  with 
either  dilute  acids  or  strong  acids  at  the  ordinary  temperatures 
of  the  air,  the  paraffins  are  not  affected.  Hot  strong  hydro- 
chloric acid  has  little  or  no  action ;  hot  strong  sulphuric  acid 
exerts  a  charring  action,  while  hot  strong  nitric  acid  de- 
composes them  to  some  extent.  It  was  their  power  of 
resisting  treatment  with  acids  and  alkalies  that  earned  for 
them  the  name  of  paraffins,  from  two  Latin  words — parivm,. 
without ;  affinis,  affinity.  They  are  all  perfectly  stable  bodies,, 
and  may  be  exposed  to  air  without  undergoing  any  change. 
This  property  is  of  considerable  value  as  regards  the  appli- 
cation of  the  paraffin  hydrocarbons  to  the  lubrication  of 
machinery,  and  other  uses.  They  are  all  inflammable  bodies,, 
and  this  feature  is  taken  advantage  of,  the  lower  members 
forming  the  bulk  of  the  paraffin  and  petroleum  burning  oils,, 
while  the  higher  members,  under  the  name  of  paraffin  wax,, 
are  employed  in  the  manufacture  of  candles. 

The  paraffins  are  found  among  the  products  of  the 
distillation  of  shale,  peat,  coal,  and  are  present  in  all 
petroleums. 

There  is  one  feature  of  the  paraffins  which  they  possess 
in  common  with  other  series  of  hydrocarbon  compounds,  and 
that  is  their  property  of  forming  several  isomeric  bodies  ;  thus 
in  petroleum  two  octanes,  two  nonanes,  and  two  of  other 
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members  of  the  paraffin  hydrocarbons  are  found.  These 
bodies  differ  from  one  another  in  their  boiling  points,  and  in 
the  character  of  the  compounds  they  yield  when  subjected  to 
various  chemical  reactions.  Warren  was  the  first  to  point 
out  the  existence  of  these  two  series  of  paraffin  hydrocarbons 
in  American  petroleum,  and  he  gives  the  following  table  of 
the  first  few  members  of  the  two  series  : — 


Boiling  Specific 

Point.  Gravity 

8°  0-611 

37°  0-645 

68°  0-689 

98°  0-730 

127°  0-752 


Paraffins. 

Butane 
Pentane 

Boiling 
Point. 
Igas 
30° 

Specific 
Gravity. 

0-640 

Hexane 

«i° 
61 

0-676 

Heptane 

90° 

0-718 

Octane 

119° 

0-738 

Series. 


The  members  of  the  first  series  are  distinguished  as  the 
normal  paraffins,  while  those  of  the  second  series  are  called 
iso  paraffins.  It  will  be  noticed  that  the  iso  paraffins  have  a 
distinctly  higher  boiling  point  and  specific  gravity  than  the 
normal  paraffins.  Since  Warren's  time  chemical  research 
has  revealed  the  presence  of  a  large  number  of  instances  of 
such  modifications  of  organic  compounds,  and  has  shown 
that  their  production  or  existence  is  governed  by  certain 
laws,  which  will  be  found  described  in  the  text-books  on 
Organic  Chemistry. 

Another  series  of  hydrocarbons,  found  in  paraffin  and 
petroleum  oils,  is  the 


OLEFINS. 

This  group  is  characterised  by  every  member  of  it  having 
the  hydrogen  and  carbon  of  which  it  is  composed  united  in 
the  proportion  shown  in  the  formula  CH2 ;  it  is  therefore 
known  as  the  CnH2n  series. 

The  number  of  members  known  is  not  so  numerous  as 

in  the  case  of  the  paraffins,   although   there  is  reason  to 
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suspect  that  they  do  exist,  but  have  not  yet  been  isolated 
or  prepared. 

The  lowest  possible  term  or  member  would  have  the 
formula  CH2  methene  or  methylene,  but  from  theoretical 
considerations  this  cannot  exist  in  the  free  condition, 
although  we  are  acquainted  with  compounds  derived  from  it. 

THE  OLEFINS. 


Olefin. 

Formula. 

Boiling  Point. 

Specific  Gravity. 

Ethene  or  Ethylene,     . 

C2H4 

gas 

— 

Propene  or  Propylene,  . 

C3H6 

gas 

— 

Butene  or  Butylene, 

C4H8 

5° 

— 

Pentene  or  Amylene,     . 

C5Hio 

35° 

0-663 

Hexene  or  Hexylene,    . 

^6^-12 

70° 

0-699 

HepteneorHeptylene,  . 

C7H14 

100° 

— 

Octene  or  Octylene, 

^8^16 

125° 

— 

Nonene  or  Nonylene,    . 

C9H18 

— 

— 

Decene  or  Paramylene, 

CioH20 

— 

— 

Hexdecene  or  Cetene,  . 

^16^32 

275° 

— 

C     H 

solid 



Melene  or  Melissene,    . 

P»H« 

solid 

— 

The  hydrocarbons  of  this  group  are  characterised  by  the 
fact  that  they  will  combine  with  chlorine,  bromine,  or  iodine 
directly,  to  form  the  chlorides,  bromides,  or  iodides  respec- 
tively, each  hydrocarbon  taking  up  two  atoms  of  the  halogen 
element.  Thus  ethene  takes  up  two  atoms  of  chlorine  to 
form  ethene  dichloride,  C2H4C12,  while  octene  forms  with 
bromine  the  dibromide,  C8H16Br2.  These  halogen  derivatives 
are  oily-looking  compounds,  and  it  is  from  this  circum- 
stance, and  not  from  their  presence  in  shale  or  petroleum 
oils,  that  their  generic  name  of  olefins  is  derived,  although 
it  happens  to  be  rather  appropriate,  as  the  olefins  form 
the  larger  proportion  of  Scotch  and  American  lubricating 
oils. 

Sulphuric  anhydride,  S03,  combines  directly  with  the 
olefins,  and  in  consequence  Nordhausen,  or  fuming  sulphuric 
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acid,  readily  dissolves  them,  forming  peculiar  sulpho-deriva- 
tives.  Mixed  with  strong  sulphuric  acid  absorption  slowly 
takes  place,  and  compounds  of  sulphuric  acid  with  alkyl 
radicles  are  formed.  Thus  ethene  forms  ethyl  sulphuric  acid, 
C2H5HS04,  from  which  ethyl  alcohol  can  be  got  by  boiling 
with  water.  When  liquid  olefins  of  low  boiling  point  are 
digested  for  some  time  with  sulphuric  acid,  they  undergo 
polymerisation,  that  is,  they  are  converted  into  higher 
members  of  the  same  series.  Thus  pentene  or  amylene, 
C5H10,  which  boils  at  35°  C.,  is  converted  into  diamylene, 
C10H20,  and  into  triamylene,  C15H30,  which  are  bodies  of  higher 
boiling  points  and  specific  gravity.  Other  olefins  are  similarly 
affected.  Zinc  chloride  and  other  bodies  have  the  property 
of  bringing  about  this  polymerisation.  The  action  of  sul- 
phuric acid  has  some  bearing  on  the  treatment  of  the  crude 
oils  in  refining  Scotch  and  American  lubricating  oils.  It  is 
customary  to  treat  the  crude  oils  with  strong  sulphuric  acid 
to  remove  nitrogenous  bodies.  If  too  much  acid  be  employed 
it  is  obvious  that  it  may  act  upon  the  olefins  present  and 
dissolve  them,  thus  leading  to  a  loss  of  oil. 

The  olefins  have  the  property  of  combining  with  hydri- 
odic  acid,  hydrobromic  acid,  and  hydrochloric  acid  to  form 
what  are  called  hydroiodides,  hydrobromides,  etc.  These 
bodies,  when  heated  with  moist  silver  oxide,  give  rise  to  the 
original  olefin  and  an  alcohol  of  the  paraffin  series. 

The  olefins  combine  with  hydroxyl  to  form  a  series  of 
alcohols  which  contain  two  equivalents  of  hydroxyl,  and  are 
known  by  the  generic  name  of  glycols.  Those  best  known 
are  glycol  or  ethylene  alcohol,  C2H4(OH)2,  propylene  alcohol, 
C3H6(OH)2,  butylene  alcohol,  C4H8(OH),.  These  olefin 
alcohols  can  be  oxidised,  when  they  yield  two  series  of  acids, 
one  monobasic,  the  other  dibasic  in  character.  Both  classes 
of  acids  are  important,  and  include  such  well-known  bodies 
as  oxalic  acid,  lactic  acid.  The  relationship  between  the 
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olefin  and  the  alcohol  and  acids  derived  from  it  is  shown 
in  the  following  formula  :— 

Ethene.  Glycol.  Glycollic  Acid.  Oxalic  Acid. 

/CH2  fCH2OH  |CH2OH"  /'COOH 

tCH2  \CH2OH  I  COOH  I  COOH 

Alkalies  have  no  action  on  the  olefins  at  any  temperatures 
below  the  boiling  point  of  water,  or  even  slightly  above  that 
temperature.  They  are  not  prone  to  oxidation  when  exposed 
to  the  atmosphere. 

The  larger  proportion  of  Scotch  and  American  lubricating 
oils  are  olefins  of  varying  gravities  and  boiling  points. 

NAPHTHENES. 

The  naphthenes  are  a  group  of  hydrocarbons  which  have 
been  found  in  Kussian  petroleum  oil  and  in  the  products  of 
the  distillation  of  rosin.  They  have  not  yet  been  fully 
investigated,  or  the  true  position  and  relationship  of  the 
various  members  properly  ascertained  and  correlated. 

The  naphthenes  have  the  general  formula  CnH2n,  which, 
it  will  be  observed,  is  the  same  as  that  of  the  olefins,  with 
which,  therefore,  they  are  isomeric,  but  differ  very  much  in 
their  properties.  The  first  member  of  the  series  at  present 
known  contains  six  carbon  atoms,  and,  from  various  con- 
siderations, it  seems  reasonable  to  suppose  that  that  is  the 
simplest  member  which  can  exist,  just  as  benzene,  C6H6,  is 
the  simplest  hydrocarbon  of  the  benzene  series. 

The  naphthenes  act  like  saturated  hydrocarbons.  Deriva- 
tives are  known,  but  they  are  all  obtained  by  substitution 
of  an  hydrogen  atom  for  some  other  element.  By  various 
reactions  they  can  be  converted  into  derivatives  of  aromatic 
hydrocarbons  of  the  benzene  series.  These  facts  all  point  to 
a  different  grouping  of  the  hydrogen  and  carbon  atoms  in 
the  naphthenes  to  what  is  the  case  with  the  olefins.  In 
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the  paraffin  and  olefin  series  of  hydrocarbons  the  whole  of 
the  reactions  which  they  are  capable  of  undergoing  can  be 
readily  explained,  on  the  assumption  that  the  atoms  are 
arranged  in  what  is  called  a  chain  form,  represented  by  the 
formula  — 

H    H    H    H    H    H 

I    I    I    I    I    I 

H—  C  —  C—  C  —  C  —  C  —  C  —  H 

I      I      I      I      I      I 
H    H    H   H    H    H 

for  hexane,  C6H14,  while  the  corresponding  olefin,  hexene, 
C6H12,  has  the  formula  — 

H    H    H    H    H   H 

I    I    I    I    I    I 

H—  C—  C—  C—  C—  C=C 


On  the  other  hand,  the  properties  and  chemical  relation- 
ships of  the  naphthenes  can  be  best  explained  by  assuming 
that  the  atoms  of  carbon  and  hydrogen  .are  arranged  in  a  ring 
form,  as  shown  in  the  formula  for  six  carbon  naphthene, 

C6H12— 

HHHH 

H—  C—  C—  C—  H 
H—  C—  C—  C-H 


In  this  all  the  carbon  atoms  are  connected  together  in  a 
ring,  each  with  two  atoms  of  hydrogen.  An  inspection  of 
the  two  formulae  for  the  olefin  and  the  naphthene  will 
show  how  it  is  that  the  olefin  can  form  compounds  by 
addition,  while  the  naphthene  cannot.  In  the  former  case, 
two  of  the  carbon  atoms  are  connected  together  with  two 
bonds,  one  of  which  can  be  opened  out  and  combined  with 
chlorine  or  some  other  element  ;  on  the  other  hand,  in  the 
naphthene,  the  whole  of  the  bonds  of  the  carbon  are  engaged. 
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The  other  members  of  the  naphthene  hydrocarbons  are 
derived  from  this  by  substitution  of  one  of  the  hydrogen 
atoms  by  methyl  or  some  other  alkyl  group. 

So  far  the  known  naphthenes  comprise  those  which 
contain  from  six  to  fifteen  carbon  atoms. 

The  specific  gravity  of  the  naphthenes  is  relatively 
greater  than  that  of  the  olefin  or  paraffin  hydrocarbons. 
Their  boiling  points  are  lower,  while  they  are  more 
viscid  in  character.  This  can  be  seen  by  an  examina- 
tion of  the  following  table,  which  gives  the  gravities  and 
boiling  points  of  several  members  of  the  three  series  of 
hydrocarbons : — 

Specific  Boiling 

Gravity.  Point. 

Hexane,  C6H14  0-7188  124°  C. 

Octene,   C8H16  0-7294  123 

Octonaphthene,  C8H1G        0-7714  119 

Dodecane,  C12H2tj  0-7655  202 

Dodecene,  C12H24  0-774  203 

Dodecanaphthene,  C^H^  0-8027  196 

These  facts  explain  how  it  is  that  Kussian  petroleum  oils 
have  a  distinctly  lower  flashing  point  than  Scotch  or  American 
oils  of  the  same  specific  gravity. 

Strong  nitric  acid  acts  upon  the  naphthenes,  and  converts 
them  into  nitro-derivatives  of  members  of  the  aromatic  series 
of  hydrocarbons.  Thus  octonaphthene  yields  trinitro-meta- 
xylene,  which  shows  that  the  naphthene  may  be  regarded  as 
xylene  hexahydride.  Nonanaphthene  yields  trinitro-pseudo- 
cumene  under  the  same  conditions. 

Strong  sulphuric  acid  has  a  stronger  action  on  the  naph- 
thenes than  it  has  on  the  paraffins  or  olefins ;  generally 
sulphonic  acids  of  the  benzene  hydrocarbons  are  formed. 
Chlorine  acts  on  the  naphthenes,  forming  substitution  com- 
pounds which,  on  saponification  with  caustic  alkalies,  yield 
alcohols.  Bromine  yields  bromo-derivatives  of  the  benzene 
hydrocarbons.  Thus  octonaphthene  yields  tetra-bromo- 
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xylene  ;  nonanaphthene,  tribromo-pseudo-cumene  ;  and  hep- 
tanaphthene  yields  penta-bromo-teluene. 

It  is  therefore  evident  that  the  connection  between  the 
naphthenes  and  the  benzenes  must  be  very  close.  Chemists 
do,  in  fact,  regard  the  former  as  hydrides  of  the  latter. 

See  the  Oil  and  Colourmans  Journal,  November,  1893,  to 
April,  1894,  for  further  information  on  the  paraffins,  olefins, 
and  naphthenes,  and  the  chapter  on  petroleum  for  list  of 
known  naphthenes. 


CHAPTER  III. 

SCOTCH    SHALE    OILS. 

THE  first  hydrocarbon  or  mineral  oils  which  were  known 
were  obtained  from  a  small  deposit  of  what  would  now  be 
called  petroleum  oil,  found  at  Alfreton,  in  Derbyshire,  which 
will  again  be  referred  to  presently.  This,  however,  was  soon 
worked  out,  and  then  came  oils  prepared  from  what  is  now 
known  as  Scotch  shale,  a  peculiar  mineral  found  only  in  the 
district  which  lies  between  Glasgow  and  Edinburgh  in 
Scotland,  none  being  found  in  any  other  part  of  Great 
Britain,  while  similar  shales  have  been  found  in  but  few 
localities,  New  South  Wales  being  the  most  notable. 

The  Scotch  oil  shale  presents  the  appearance  of  a  black, 
somewhat  flaky  mass  of  a  homogeneous  structure,  more  or 
less  glossy  on  the  surfaces.  If  the  shale  contains  much  oily 
matter  it  can  be  cut,  and  when  held  in  the  flame  of  a  lamp, 
will  burn  with  a  luminous  flame ;  poor  shales  are  stony  and 
slate-like  in  appearance.  They  contain  from  72  to  83  per 
cent,  of  mineral  matter  ;  the  rest  being  of  a  volatile  character. 
When  heated  they  do  not  soften  or  melt,  but  retain  their 
original  form  and  size  ;  a  feature  which  is  of  great  importance, 
and  is  of  value  in  the  treatment  of  the  shale. 

The  principal  shale  mines  lie  in  the  two  counties  of 
Edinburgh  and  Linlithgow.  The  beds  of  shale  are  found 
interbedded  with  calciferous  sandstone  and  underlying  the 
lower  coal  measures.  The  principal  seams  of  shale  are  the 
following  :— 

The  Eaeburn  shale,  which  is  2J  to  3  feet  thick,  and  is 

worked  to  a  small  extent. 

(24) 


SCOTCH    SHALES.  25 

Next  comes  the  Mungle  shale,  which  is  about  30  ins.  thick. 

About  24  fathoms  below  this  is  what  is  known  as  the  two 
feet  coal,  which  is  not  worked;  the  upper  portions  of  this  are 
_good  shale. 

The  Grey  shale  lies  34  to  50  fathoms  below  the  two  feet 
coal,  and  averages  34  inches  thick.  This  seam  is  worked 
in  West  Calder,  and  yields  a  crude  oil  notable  for  the  large 
proportion  of  solid  paraffin  wax  it  contains. 

The  Houston  coal  lies  10  to  14  fathoms  below  the  Grey 
shale.  It  is  mined  by  many  of  the  oil  companies,  but  without 
any  satisfactory  results. 

The  Fells  shale  lies  from  30  to  40  fathoms  below  the 
coal.  This  is  one  of  the  best  and  most  important  of  the 
oil  shales,  and  is  largely  worked ;  the  upper  portions  of  the 
shale  yield  as  much  as  36  gallons  of  crude  oil  per  ton  of 
shale,  while  the  bottom  portions  yield  18  gallons,  being  the 
richest  of  the  shales  in  its  oil-yielding  power.  From  20  to  30 
Ibs.  of  ammonia  sulphate  is  obtained  from  a  ton  of  this  shale. 

The  Broxbourn  shale.  This  is  one  of  the  thickest  seams 
of  all  the  oil  shales,  averaging  5i  feet  thick,  and  is  extensively 
worked.  It  yields  from  16  to  20  gallons  per  ton  of  shale, 
with  40  Ibs.  of  ammonia  sulphate,  from  some  portions,  while 
others  yield  35  gallons  of  crude  oil  and  25  Ibs.  of  ammonia 
sulphate  per  ton  of  shale. 

Dunnet's  shale  lies  from  45  to  70  fathoms  below  the 
Broxbourn  shale,  and  ranges  from  6  to  7  feet  thick.  It  yields 
from  15  to  30  gallons  of  crude  oil,  and  20  to  40  Ibs.  of 
ammonia  sulphate  per  ton  of  shale. 

Barracks  shale.  This  has  been  but  little  worked ;  it  is 
of  great  thickness,  averaging  10  feet. 

Below  this  seam  comes  a  series  of  calciferous  sandstone 
beds,  followed  by  what  is  known  as  the  Camps  limestone  at 
a  distance  of  100  fathoms  below  the  Barracks  shale,  while  at 
120  fathoms  below  the  limestone  there  is  the 
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Pumpherston  shales,  which  consist  of  five  seams  known 
respectively  as  the  Jubilee  shale,  about  8  feet  thick ;  the 
Maybrick  shale,  6  feet  thick ;  the  Curly  shale,  6 \  feet  thick ; 
the  Plain  shale,  8|  feet  thick ;  and  the  Wee  shale,  4J  feet 
thick.  These  shales  yield  on  an  average  20  gallons  of  crude  oil, 
and  from  60  to  70  Ibs.  of  ammonia  sulphate  per  ton  of  shale. 

Before  proceeding  to  describe  the  process  of  extracting 
oil,  etc.,  from  these  shales,  it  will  be  convenient,  and  lead  to 
a  better  understanding  of  the  details  of  the  process,  if  an 
outline  description  at  first  be  given. 

The  shale  is  mined  and  then  placed  in  large,  vertical  iron 
retorts,  heated  by  fire  or  hot  gases.  In  the  modern  retorts 
steam  is  also  sent  into  the  retorts.  As  a  result,  the  shale- 
gives  off  a  large  proportion  of  volatile  matters,  which  are 
condensed,  while  the  mineral  or  inorganic  portion  of  the  shale 
remains  behind  in  the  retort,  and  is  known  as  "  spent  shale  ". 

The  volatile  portions  consist  of  uncondensable  gas,  which 
is  utilised  in  the  works  as  an  illuminant  and  as  a  fuel ;  water 
which  contains  a  large  proportion  of  ammonia,  and  is  con- 
verted or  used  for  making  ammonia  sulphate,  a  valuable 
manure.  Lastly,  there  is  the  principal  product,  a  thick,, 
brown,  tarry  mass,  known  as  the  "  crude  oil  ".  . 

The  crude  oil  is  subjected  to  a  number  of  operations  with 
the  object  of  converting  it  into  useful  products.  First  it  is 
placed  in  a  still  or  retort  and  distilled,  when  it  yields  "  coke  " 
and  "  once  run  oil".  This  latter  product  is  next  treated  with 
sulphuric  acid,  which,  extracts  from  it  a  large  quantity  of 
basic  bodies,  and  for  the  oil  refiner  useless  hydrocarbon 
bodies.  The  treated  oil  is  next  treated  with  a  solution  of 
caustic  soda,  which  extracts  from  it  acid  bodies  ;  the  purified 
oil  is  again  distilled,  and  now  it  is  fractionated  into  three 
products  :  a  light  spirit  of  a  specific  gravity  of  about  0^760, 
known  as  "  green  naphtha  ";  a  light  oil,  known  as  "  twice  run 
light  oil ";  and  a  dark-coloured  pasty  oil,  known  as  "  green 
oil,"  while  coke  remains  behind  in  the  still. 
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The  naphtha  is  purified  by  treating  it  with  sulphuric 
acid  and  caustic  soda  and  redistillation,  when  "naphtha  "  is 
obtained.  The  twice  run  light  oil  is  treated  with  acid  and 
soda,  and  distilled ;  it  is  separated  into  several  fractions 
which,  when  further  purified,  form  the  various  grades  of 
burning  oils.  The  green  oil  is  subjected  to  a  refrigerating 
operation,  which  causes  the  paraffin  wax  it  contains  to 
crystallise  out,  so  that  by  pressing  it  can  be  separated  from 
the  oil,  forming  in  its  crude  condition  "  paraffin  scale,"  which, 
when  further  purified,  is  converted  into  "paraffin  wax". 
The  oil  which  is  separated  from  the  green  oil  is  known  as 
"blue  oil";  it  is  treated  with  acid  and  soda  and  redistilled 
into  various  grades  of  lubricating  oils — light,  intermediate, 
and  heavy.  The  following  diagram  shows  the  relationship 
of  the  various  crude  and  refined  products  :— 

DIAGRAM  OF  THE  SHALE  OIL  INDUSTRY. 

SHALE.     Retorted  gives 
Spent  shale. 
Gas. 
AMMONIA  LIQUOR. 

Sulphate  of  ammonia. 
CRUDE  OIL. 
Coke. 

ONCE  RUN  &&$$  OIL. 
Green  Naphtha. 

Refined  Naphthas,  730  to  760  gravity. 
Twice  Run  Light  Oil. 

Burning  Oils  from  810  to  820  gravity. 
840  Oil. 
GREEN  OIL. 
SCALE. 
BLUE  OIL. 

Mineral  Colza  Oil  840. 
840  Oil. 

865  Lubricating  Oil. 
875  Lubricating  Oil. 
885  Lubricating  Oil. 
890-95  Lubricating  Oil. 

This  general  scheme  is  subject  to  modifications  at  different 
works. 
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The  history  of  the  Scottish  shale  oil  industry  may  be 
briefly  summarised  as  follows :  In  December,  1847,  Dr. 
Lyon  (now  Sir  Lyon)  Playfair  called  James  Young's  atten- 
tion to  the  existence  of  a  deposit  of  oily  material  at  a 
coal  mine  at  Alfreton,  in  Derbyshire.  Young  took  up  the 
matter,  and  found  that  the  oil,  when  purified  by  distillation, 
yielded  an  oil  that  could  be  employed  in  the  lubrication  of 
machinery.  The  crude  material  was  soon  exhausted.  Then 
Young  turned  his  attention  to  Scotland,  and  found  at 
Torbane  Hill  a  deposit  of  shale  which,  when  distilled,  gave 
oil.  The  use  of  this  and  the  method  of  extracting  oil  from 
it  he  patented  (English  Patent,  No.  13,292,  1850)  in  1850, 
from  which  date  the  Scottish  oil  trade  may  be  said  to  have 
existed.  The  Torbane  Hill  mineral  was  exceptionally  rich 
in  volatile  matter,  yielding  at  the  rate  of  120  gallons  of  crude 
oil  per  ton,  showing  it  to  contain  about  70  per  cent,  of 
mineral  matter  and  33  per  cent,  of  volatile  matter.  This 
mineral  was  exhausted  by  the  year  1862. 

Since  1862  the  oil  has  been  got  from  the  shale  which 
is  found  in  fairly  large  deposits  in  the  district  which  lies 
between  Glasgow  and  Edinburgh.  The  various  seams  of 
this  shale  have  been  already  described.  Naturally,  in  the 
course  of  nearly  half  a  century,  the  industry  has  seen  many 
changes,  and  many  improvements  have  been  made  in  the 
details  of  the  process  of  extraction  and  in  the  plant  employed. 
In  the  early  days  there  was  no  competitor,  but  in  1864 
petroleum  was  discovered  in  America,  and  in  the  period  from 
1864  to  1872  its  use  was  gradually  developing,  and  it  was 
becoming  a  great  competitor  of  shale  oil ;  and  since  1873  the 
Scotch  shale  works  have  had  a  hard  struggle  for  existence, 
although  at  intervals  they  have  had  periods  of  prosperity. 
The  competition  with  petroleum  has  had  great  influence  in 
perfecting  the  plant  and  process,  and  causing  the  oil  works 
to  turn  their  attention  to  sundry  bye-products,  the  sulphate  of 
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ammonia  and  the  wax,  in  which  the  petroleum  works  could 
not  compete. 

There  are  three  distinct  periods  in  the  history  of  the 
shale  oil  trade.  The  first  period  extends  from  1850  to  1867. 
The  shale  was  heated  in  vertical  retorts  to  a  strong  red  heat, 
so  that  a  large  number  of  charges  might  be  run  through, 
although  it  was  considered  that  a  u  low  red  heat "  was  essential 
to  the  success  of  the  operation.  The  crude  oil  obtained  was 
black,  tarry,  and  contained  about  8  per  cent,  of  solid  paraffin. 
Little  or  no  attempt  was  made  to  utilise  the  ammonia  liquor. 

The  second  period  was  inaugurated  by  the  introduction 
of  William  Young's  retort  (English  Patent,  No.  650,  1867)  in 
1867,  and  lasted  until  about  1880.  The  low  red  heat  was 
fairly  successfully  attained,  with  the  result  that  the  crude  oil 
obtained  was  of  better  quality,  yielding  10  to  11  per  cent,  of 
solid  paraffin  wax.  The  process  of  extraction  was  much  im- 
proved by  the  introduction  in  1873  of  the  Henderson  retort. 
Much  attention  was  paid  to  the  bye-products  of  the  process. 

In  1881  was  introduced  the  third  period  in  the  retorting 
of  the  shale  by  the  introduction  of  the  Young  and  Beilby 
retort.  In  this  the  low  heat  was  fully  attained.  The  shale 
was  subjected  to  a  double  distillation  process  at  first  to  a  low 
red  heat  for  the  purpose  of  obtaining  the  volatile  products, 
and,  secondly,  to  the  action  of  superheated  steam,  by  which 
means  the  nitrogen  contained  in  the  shale  was  driven  off  as 
ammonia.  More  attention  was  paid  to  the  purifying  of  the 
products,  so  that  a  greater  yield  of  refined  products  was 
obtained  from  the  shale.  The  principle  first  embodied  in  the 
Young  and  Beilby  retort  of  subjecting  the  shale  to  a  double 
distillation  has  been  followed  up  by  other  inventors  with  more 
or  less  success.  Henderson  has  lately  devised  a  retort  which 
is  a  material  improvement  on  any  hitherto  introduced. 

Besides  the  improvements  which  have  been  made  in 
the  retorting  of  the  shale,  the  processes  and  plant  employed 
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in  the  refining  of  the  crude  oils  and  intermediate  oils  have 
been  the  subject  of  invention,  so  that  now  the  finished  pro- 
ducts are  of  far  better  quality,  the  burning  oils  are  brighter, 
freer  from  odour,  and  burn  better ;  the  lubricating  oils  are 
brighter,  contain  less  paraffin  in  solution,  while  their  viscosity 
and  flash  points  are  better ;  the  wax  is  of  higher  melting 
point,  and  is  better  in  quality,  while  there  is  a  greater  yield 
of  valuable  products  from  the  crude  oil. 

PRODUCTION  OF  CRUDE  OIL. 

While  some  attention  will  be  paid  to  the  older  methods 
of  retorting  and  dealing  with  the 
shale  and  crude  oil,  as  being  of  some 
slight  interest,  more  notice  will  be 
taken  of  the  plant  in  use  at  the  oil 
works  of  to-day. 

The  earliest  retorts  employed  in 
the  shale  oil  industry  were  copied 
from  those  used  in  the  coal  gas  in- 
dustry, and  were  of  a  Q  shape  and 
built  horizontally  in  the  furnace. 
They  were  made  of  thin  cast  iron, 
and  measured  8  to  10  feet  long  by 
35  to  40  inches  wide.  A  number  of 
these  retorts  were  placed  in  a  single 
furnace  and  heated  by  one  fire.  The 
weight  of  each  charge  was  450  Ibs., 
and  usually  three  such  charges  were 
worked  off  in  twenty-four  hours. 
These  horizontal  retorts  soon  gave 
place  to  what  are  now  known  as 
the  old  vertical  retorts. 

The  vertical  form  of  shale  retort 

PIG.  1.  Vertical  Shale  Retort.  shown    in    Figure    l    hag    been     the 

accepted  form  from  very  early  times  in  the  history  of  shale 
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•distilling.  Figure  2  is  a  drawing  of  a  set  of  vertical  retorts 
such  as  have  been  in  use  at  the  works  of  the  Young's 
Paraffin  Oil  Co.  at  Addiewell.  These  retorts  were  10  feet 


FIG.  2.  Bench  of  Shale  Retorts. 


long  by  2  feet  in  diameter.  Sometimes  they  were  made 
round,  at  other  times  oval,  in  section.  The  top  of  the  retorts 
was  made  with  a  hopper  valve  for  the  purpose  of  charging 
them,  the  construction  of  this  hopper  valve  being  shown  in 
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the  drawing.  The  bottom  was  left  open,  but  it  dipped  into 
a  trough  of  water  which  acted  as  a  water  seal.  The  products 
of  the  distillation  were  carried  away  by  a  pipe  from  the  top 
of  the  retort.  They  were  usually  built  in  sets  of  six,  and 
wTere  fired  from  an  external  fireplace,  the  flames  and  heat 
passing  through  flues  into  the  space  round  the  retorts. 
The  charge  will  range  from  5  to  8  cwt.  The  charging  and 
duration  of  the  working  were  so  arranged  that  1  ton  of 
shale  was  worked  off  from  each  retort  in  twenty-four  hours. 
The  mode  of  charging  is  as  follows :  The  spent  shale  which 
lies  in  the  water  trough  under  the  retort  was  raked  out  by 
long  rakes.  This  allowed  the  shale  in  the  retort  to  fall 
down,  and  it  in  like  manner  was  raked  out.  Then  the  valve 
of  the  hopper  funnel  at  the  top  of  the  retort  was  opened,  and 
the  shale  previously  placed  in  the  hopper  allowed  to  fall  into 
the  retort.  These  retorts  gave  a  yield  of  30  gallons  of  crude 
oil  from  1  ton  of  shale  with  60  to  80  gallons  of  ammonia 
liquor,  which  produced  about  15  Ibs.  of  ammonia  sulphate. 
The  crude  oil  was  black  and  tarry,  and  yielded  on  refining  5 
per  cent,  of  naphtha,  40  per  cent,  of  burning  oil,  13  per  cent, 
of  lubricating  oil,  8  per  cent,  of  wax,  and  there  was  34  per 
cent,  of  loss  on  working  up  the  crude  oil.  Some  of  this  lossr 
however,  is  gas  and  coke,  which  is  used  for  fuel  and  illumin- 
ating purposes. 

A  number  of  modifications  of  these  old  vertical  retorts 
were  in  use,  differing  from  one  another  in  the  shape  and  size 
of  the  retort.  Some  were  long  and  narrow,  others  were  of 
large  diameter.  Then  differences  were  made  in  the  manner 
of  arranging  them  in  the  furnace,  and  in  the  construction  of 
the  heating  arrangements.  In  no  case  was  steam  applied  to 
any  of  the  old  vertical  retorts  as  a  regular  method  of  working. 

The  first  great  improvement  in  the  retorting  of  shale 
was  brought  about  by  the  introduction  of  the  Young  retort 
in  1867  (English  Patent,  No.  650, 1867).  These  retorts  were 
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built  in  sets  of  four.  They  were  double-walled  retorts,  as 
may  be  seen  by  inspection  of  the  drawing.  The  outer  wall 
came  in  contact  with  the  furnace  gases  and  the  heat,  while 
the  inner  retort,  which  was  separated  from  the  outer  one  by 
about  1|-  to  2  inches,  held  the  shale.  The  products  of  the 
distillation  passed  out  through  an  outlet  at  the  bottom,  a 
perforated  partition  across  it  preventing  any  of  the  shale 
from  getting  and  choking  up  this  outlet.  A  similar  but 
larger  outlet  on  the  opposite  side  of  the  retort  served  to 
discharge  the  spent  shale. 

A  hopper  at  the  top  served  to  feed  the  retort.  A  current 
of  gas  or  steam  was  sent  into  the  space  between  the  two 
retorts,  and  passing  through  the  shale  in  the  inner  retort 
helped  to  carry  off  the  vapours  which  were  produced,  and  in 
the  case  of  the  steam  helped  to  increase  the  proportion  of 
the  ammonia  liquor  produced. 

As  a  comparison  of  the  results  which  were  obtained,  the 
Oakbank  shale  gave  in  the  old  vertical  retorts  61 '92  per  cent, 
of  finished  products  from  the  crude  oil,  of  which  8' 12  per 
cent,  was  paraffin  wax.  In  the  new  Young  retorts  the  crude 
oil  gave  69*01  per  cent,  of  finished  products,  of  which  11*76 
was  paraffin  wax. 

This  retort  was  not  long  in  use,  and  has  been  superseded 
by  the  Henderson  and  the  Young  and  Beilby  retorts. 

The  Henderson  retort,  a  sectional  drawing  of  which  is 
given  in  Figure  3,  was  brought  out  in  1873  (English  Patent, 
No.  1,327,  1873).  It  was  a  great  improvement  on  any  that 
had  previously  been  invented.  The  Henderson  retorts  are 
built  in  benches  of  four,  are  made  of  cast  iron,  15  feet  long 
and  about  2  feet  in  diameter  and  1J  inches  thick.  At  the 
top  is  an  arrangement  for  filling  the  retorts ;  the  products  of 
distillation  were  carried  away  by  a  tubulure  at  the  bottom. 
The  bottom  of  the  retort  was  formed  by  a  kind  of  door 

which  opened  into   the   fireplace.      The   retort  chamber  is 
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separate,  and  divided  from  the  furnace  chamber  by  means 
of  a  brick  partition,  from  the  centre  of  which  a  flue  com- 


FIG.  3.  Henderson  Shale  Eetort. 


municated  with  the   retort  chamber.      By  this  means  the 
temperature  of  distillation  was  kept  low,  and,  further,  the 
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greatest  heat  was  at  the  top,  where  the  shale  first  comes  into 
contact  with  it.  The  fuel  to  fire  these  retorts  is  partly 
obtained  from  the  spent  shale,  which  contains  a  small  propor- 
tion of  carbonaceous  matter,  and  which  is  thrown  into  the 
fireplace  when  discharged  from  the  retort.  The  gas  which  is 
always  produced  during  the  distillation  of  the  shale  is  also 
employed  for  fuel,  and  these  are  supplemented  by  coal  or 
coke. 

The  charge  of  a  Henderson  retort  weighs  18  cwt.,  and 
takes  sixteen  hours  to  work  through,  at  the  end  of  which 
time  the  door  of  the  retort  is  opened,  and  the  spent  shale 
allowed  to  drop  into  the  furnace,  where  the  carbonaceous 
matter  it  contains  burns  off  and  serves  to  heat  the  retorts. 
The  working  of  a  bench  of  retorts  is  so  arranged  that  a 
retort  is  emptied  and  refiled  every  four  hours. 

The  products  of  distillation  of  this  retort  pass  out  at  the 
bottom  and  into  the  usual  hydraulic  main  that  runs  along 
the  front  of  each  bench  of  retorts. 

The  crude  oil  obtained  from  the  Henderson  retort  is 
lighter  in  specific  gravity,  the  difference  being  from  0*02  to 
0*03  ;  and  it  contains  a  larger  proportion  of  valuable  constitu- 
ents, as  will  be  seen  from  the  following  figures  : — 

Crude  Oil  from  Crude  Oil  from 

Henderson  Retort.  Old  Retorts. 

Naphtha 5-00  per  cent.  5-0  per  cent. 

Burning  Oils 35-00     „      „  40-0     „      „ 

Lubricating  Oils      .     .     .  18-00     „      „  13-0    „      „ 

Scale 10-50     „      ,,  8-0     „      „ 

Loss 31-50     „      „  34-0     „      „ 

The  loss  in  working  is  less,  while  the  yield  of  valuable 
products  is  greater. 

One  hundred  tons  of  shale,  when  distilled  in  the  Hender- 
son retort,  yield  12  tons  of  crude  oil,  8  tons  of  ammonia 
water,  4  tons  of  gas,  67  tons  of  ash,  while  in  the  shale  as  it 
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drops  into  the  fireplace  there  is  about  9  tons  of  combustible 
matter. 

The  yield  of  products  from  the  crude  oil  has  already 
been  given.  The  ammonia  water  from  1  ton  of  shale 
contains  sufficient  ammonia  to  make  16  Ibs.  of  sulphate  of 
ammonia  on  the  average.  The  gas  averages  2,000  cubic  feet 
per  ton  of  shale,  and  it,  along  with  the  spent  shale,  has 
usually  been  found  sufficient  in  quantity  to  fire  the  furnaces, 
so  that  little  additional  fuel  is  required. 

About  the  year  1881  some  attention  began  to  be  paid  to 
the  question  of  increasing  the  production  of  the  ammonia 
sulphate  from  the  ammonia  water.  The  demand  for  ammonia 
sulphate  for  manurial  purposes  having  largely  increased 
during  previous  years,  investigations  which  were  carried  on 
by  various  chemists  showed  that,  on  the  average,  shale 
contains  0'72  per  cent,  of  nitrogen  ;  and  that  out  of  100  parts 
of  nitrogen  present  in  shale  17  was  given  off  in  the  form  of 
ammonia,  20'4  per  cent,  came  off  in  the  form  of  bases  in  the 
crude  oil,  while  no  less  than  62'6  remains  behind  in  the 
spent  shale.  It  will  thus  be  seen  that  most  of  the  nitrogen 
remains  behind  in  the  shale.  That  which  comes  off  in  the 
form  of  bases,  like  pyridine,  coridine,  etc.,  is  practically 
useless.  Whether  it  can  be  decreased  or  not  is  uncertain, 
but  it  would  be  of  decided  advantage  if  that  could  be  done, 
inasmuch  as  then  the  trouble  and  cost  of  refining  the  crude 
oil  would  be  reduced,  and  moreover  it  is  probable  that  the 
yield  of  scale  and  oil  would  be  increased. 

Many  attempts  have  been  made  to  increase  the  yield  of 
ammonia  from  shale.  The  addition  of  lime  and  soda  has 
been  tried,  but  without  any  advantage.  Hydrogen  has  been 
sent  into  the  retorts  towards  the  end  of  the  distillation,  with 
the  result  that  the  amount  of  ammonia  has  been  materially 
increased,  but  the  cost  of  the  process,  compared  with  the 
increase  in  yield,  was  too  high.  The  introduction  of  air  into 
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the  retorts  materially  increases  the  yield  of  ammonia ;  but 
the  best  material  to  use  is  steam,  for  this  not  only  increases 
the  yield  of  ammonia,  but  also  that  of  the  paraffin  scale. 
The  amount  of  nitrogen  in  shale  should,  if  all  came  off  as 


FIG.  4.  Young  and  Beilby  Shale  Betort. 

ammonia,  give  from  70  to  80  Ibs.  of  ammonia  sulphate  per 
ton,  but,  as  a  matter  of  fact,  only  some  17  to  20  Ibs.  is 
usually  obtained  from  the  old  retorts. 

In  1881  Messrs.  Young  and  Beilby,  after  long  experi- 
menting on  this  subject,  introduced  a  new  form  of   retort 
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(English  Patents,  Nos.  1,377,  4,284,  and  5,084,  of  1882),  one 
object  of  which  was  to  increase  the  yield  of  ammonia.  This 
retort  is  shown  in  section  in  Figure  4,  and  it  is  worked 
in  benches  along  with  a  gas  producer,  which  is  shown 


FIG.  5.  Young  and  Beilby  Gas  Producer. 

in  Figure  5,  and  is  very  similar  in  construction  to  the  retort 
itself.  This  gas  producer  is  necessary,  inasmuch  as  in  the 
last  stages  of  distillation  the  shale  is  heated  to  a  high 
temperature. 
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The  retorts  are  built  in  nests  of  four,  as  is  the  Henderson 
retort.  The  lower  portion  of  the  retort  is  built  of  brickwork, 
the  end  being  curved  as  shown,  and  a  discharging  door  is 
provided.  The  upper  portion  of  the  retort  is  made  of  iron;  the 
upper  end  of  the  retort  opens  out  into  a  chamber  common 
to  the  nest  of  four,  although  a  separate  charging  hopper  is 
provided  to  each  retort.  The  products  of  distillation  pass 
off  from  the  top  of  the  retort. 

The  shale  is  charged  into  the  hopper,  and  is  heated  by 
hot  gases  from  the  retort  below.     As  spent  shale  is  removed 
from  the  discharging  door  at  the  bottom,  the  shale  gradually 
moves  down  and  passes  through  each  portion  of  the  retort. 
In  the  iron  portion  of  the  retort  it  parts  with  its  hydrocarbon 
oils  and  paraffin,  while  in  the  brick  portion  the  carbon  is 
more  or  less  completely  burned  away  by  the  heat  and  steam 
with  which  the  shale  comes  in  contact,  and  water  gas  and 
ammonia  are  produced.     In  the  brick  portion  of  the  retort 
the  shale  is  heated  to  a  white  heat,  and  comes  in  contact 
with  superheated  steam,  the  effect  of   which,  according  to 
Grouven  (Versuchsstatiomn  Jour.,  28,  343),  is  that  the  nitrogen 
in  the  shale  is  converted  into  ammonia,  the  steam  preventing 
its  after-decomposition,  and,  moreover,  exercising  a  useful 
influence  on  the  production  of  hydrocarbon  oils  and  paraffin 
in  the  upper  portions  of  the  retort.     The  retorts  are  heated 
by  gas ;  that  which  is  produced  in  the  distillation  of   the 
shale  is  employed  along  with  some  specially  produced  by  a 
gas  producer,  the  construction  of  which  is  shown  in  Figure  5. 
This  gas  producer  consists  of  a  vertical  retort  built  of  brick. 
At  the  top  it  is  closed  with  a  charging  door,  while  from  the 
top  end  passes  a  pipe  carrying  off  the  volatile  products  which 
are  formed.     The  lower  end  of  the  retort  is  closed  by  a 
fireplace  and  ashpit,  which  are  fitted  with  regulating  doors 
and  dampers.     A  number  of  flues  surround  the  retort,  com- 
municating with  the  bottom  of  the  retort.     These  gas  pro- 
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ducers,  like  the  shale  retorts,  are  built  in  nests  of  four.  The 
producer  is  fed  by  coal.  In  the  upper  portion  it  undergoes 
some  distillation,  the  temperature  being  a  red  heat,  the 
gases  and  vapours  which  are  formed  passing  away  by  the 
exit  pipe  that  is  provided,  and  cooled  and  collected.  The 
coke  which  is  formed  gradually  passes  down  the  retort  and 
comes  into  contact  with  a  current  of  steam,  and  now  it  is 
decomposed,  water  gas  and  ammonia  being  formed.  These 
pass  away  with  other  volatile  products,  the  ammonia  being 
collected  and  the  gas  used  for  heating  the  retorts.  Some  of 
the  coke  escapes  the  decomposing  action  of  the  steam.  This 
when  it  comes  down  to  the  firebars  is  burnt  to  carbon 
monoxide,  and  this  passing  into  the  flues  burns  and  serves 
to  heat  the  retort  or  producer. 

These  gas  producers  yield  from  90  to  120  Ibs.  of  ammonia 
per  ton  of  the  coal  used,  which  contains  an  amount  of 
nitrogen  equal  to  165  to  170  Ibs.  per  ton,  so  that  a  large 
proportionate  yield  is  obtained.  The  gas  which  comes  from 
the  producer  consists  of  carbon  dioxide,  carbon  monoxide, 
methane,  hydrogen,  and  nitrogen — hydrogen  being  the  most 
important,  usually  forming  28  per  cent,  of  the  gas.  Nitrogen 
exists  to  the  extent  of  44  per  cent.,  while  the  carbon  dioxide 
forms  about  10  per  cent.  The  composition  of  the  gas  will, 
however,  vary  from  time  to  time. 

The  Young  and  Beilby  retorts  are  worked  with  steam 
and  air  being  sent  into  them.  The  introduction  of  these 
bodies  has  a  material  influence  on  the  amount  of  ammonia 
and  paraffin  obtained.  It  has  been  ascertained  that,  working 
without  steam  and  air,  1  ton  of  shale  will  give  about  30 
gallons  of  crude  oil,  containing  10 \  per  cent,  of  solid  paraffin. 
Working  with  steam  and  air,  the  yield  of  crude  oil  rose  to 
33  gallons,  and  it  contained  12J  per  cent,  of  solid  paraffin, 
while  the  ammonia  was  nearly  doubled  in  yield. 

Previous  to  the  introduction  of  these  retorts  at  the  Oak- 
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bank  works,  the  old  vertical  retorts  in  use  gave  from  15  to 
16  Ibs.  of  ammonia  sulphate  per  ton  of  shale,  while  the  new 


FIG.  6.  Couper-Kae  Shale  Retort. 

ones  gave  30  Ibs.  per  ton.  The  crude  oil  from  the  Young 
rand  Beilby  retort  is  of  lighter  specific  gravity  and  is  far 
purer  in  quality,  so  that  it  is  possible  with  it  to  do  away 
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with  the  first  redistillation  and  begin  to  fractionally  distil  it 
at  once,  there  being  thus  a  saving  of  expense  in  the  treat- 
ment of  the  oil. 

In  1883  the  Couper-Kae  retort  was  brought  out.  This  is 
shown  in  Figure  6,  from  which  it  will  be  seen  that  this 
retort  closely  resembles  the  Young  and  Beilby  retort,  but 
the  lower  portion  is  built  of  solid  brickwork,  while  in  the 
Young-Beilby  retort  it  is  built  open  for  the  flames  and  heat 
from  the  burning  gases  to  play  around  the  retort.  Further, 

in  the  Couper-Kae  retort 
a  mixture  of  steam  and 
air  is  introduced  by  a 
steam  jet  in  the  lower 
portion  of  the  retort. 

The  Stanrigg  retort 
(English  Patent,  No. 
9,783,  of  1889)  was  in- 
troduced in  1889.  It  is 
shown  in  Figure  7,  which 
shows  it  to  be  very  simple 
in  form.  It  is  built  of 
brick  cased  with  iron.  It 
is  46  feet  high, this  height 
having  proved  to  be  the 
least  which  will  yield 
the  maximum  amount  of 
ammonia  from  the  shale. 
The  diameter  is  7J  feet 
at  the  top  and  11  feet  at 
the  bottom.  The  charg- 

ing  is  done  at  the  top, 

FIG.  7.  Stanrigg  Shale  Retort.  from  which  end  also  the 

gases  and  vapours  are  drawn  off,  the  exit  being  favoured  by 
using  a  Boots  blower.     Low  pressure  steam,  using  about 
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100  Ibs.  per  ton  of  shale,  is  passed  into  the  retort  at  the  bot- 
tom, while  some  air  is  also  drawn  through  the  retort,  passing 


FIG.  8.  Henderson  Shale  Retort. 


in  at  the  discharging  doors.  The  charge  is  60  tons,  and  it 
takes  five  days  to  work  it  off,  12  tons  being  removed  each 
day  and  replaced  with  fresh  shale.  The  heat  attained  in 
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this  retort  is  about  the  least  of  any,  and  is  well  under 
control.  Stanrigg  shale  distilled  in  this  retort  gives  40 
gallons  of  crude  oil  of  a  specific  gravity  of  0*860  per  ton, 
with  30  Ibs.  per  ton  of  ammonia  sulphate.  The  gas  amounts 
to  60,000  cubic  feet.  There  is  but  little  naphtha  yielded  in 
this  retort,  which  is  rather  disadvantageous,  and  arises  from 
the  large  quantity  of  gas  which  is'  evolved,  preventing 
effectual  scrubbing. 

In  1889  was  introduced  by  Mr.  Henderson  a  new  form  of 
retort  (English  Patent,  No.  6,726,  of  1889),  which  is  shown 
in  Figure  8.  This  new  retort  is  vertical,  and  is  28  feet  long. 
The  upper  portion  is  made  of  cast  iron,  and  here  the  oil  is 
distilled  from  the  shale  at  a  temperature  of  about  900°  F. 
The  lower  portion  is  built  of  brick,  and  is  maintained  at  a 
temperature  of  about  300°  F.  The  brickwork  portion  of  the 
retort  is  surrounded  by  flues  into  which  the  gas  from  a  gas 
producer  is  sent.  The  gas  burning  in  the  flues  heats  the 
retorts.  The  bottom  of  the  retorts  is  formed  into  a  shoot, 
so  that  the  spent  shale  can  be  delivered  into  waggons  running 
on  rails  below  the  retorts.  In  the  bottom  of  the  retort  are 
fitted  rollers  with  teeth,  the  revolution  of  which  forces  out 
the  spent  shale.  One  peculiarity  of  this  retort  is  that  it  is 
being  continually  discharged,  and  not  in  an  intermittent 
manner,  as  is  the  case  with  the  other  retorts,  so  that  the 
charge  is  continually  dropping  down  the  retort.  This  con- 
tinuous motion  is  said  to  increase  the  yield  of  ammonia  and 
gases  from  the  shale.  Further,  that  it  prevents  any  fusion 
of  the  shale,  and  therefore  removes  any  liability  to  aggregate 
together  which  sometimes  occurs  in  the  older  forms  of  re- 
torts. The  products  of  combustion  are  drawn  off  from  the 
top  of  the  furnace. 

The  following  gives  the  comparison  between  the 
working  of  this  new  Henderson  retort  and  the  old  form 
of  1873:— 
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1873  Retort.  1889  Retort. 

Crude  oil  in  gallons  per  ton      .     .  31  31 

Sulphate  of  ammonia,  Ibs.  per  ton  17  44 

Gas,  cubic  feet  per  ton     ....        2,000  15,000 

The  great  advantage  is  in  the  increased  yield  of  ammonia,, 
while  at  the  same  time  the  quality  of  the  crude  oil  is  better. 

The  crude  oil  from  this  retort  has  a  specific  gravity  of 
0'867,  and  yields  :— 

Naphtha  and  burning  oils 30-52  per  cent. 

Medium  oils 11-59     „      „ 

Lubricating  oils 16-53     ,,      ,, 

Wax 10-15     „      „ 

Coke 1-76     „      „ 

Loss  in  refining 29-45     ,,      ,, 

See  Journal  of  the  Society  of  Chemical  Industry,  1899,  pp. 
246,  247. 

Constructed  on  very  similar  lines,  but  differing  in  the 
details  of  their  construction,  are  the  Philipstoun  and  Pum- 
pherston  retorts  in  use  at  those  places.  A  description  of 
these  will  be  found  in  the  Journal  of  the  Society  of  Chemical 
Industry,  1897,  pp.  988-990. 

Working  with  the  Broxbourn  shale,  the  crude  oil  yielded  by 
the  Pumpherston  retort  gave  the  following  yields  of  finished 
products : — 

Naphtha 3*50  per  cent. 

Burning  oil 23-55 

830  oil 5-25 

840-850  oil 11-70 

865-870  oil 6-21 

885-890  oil 13-81 

Scale 12-87 

Bottoms 3-68 

Loss 19-43 

The  crude  oil  having  a  gravity  of  0'868. 

The  Process  of  Distillation. — The  shale  is  thrown  into  the 
hopper  of  the  retort,  and  on  opening  the  valve  it  drops  into 
the  retort.  In  the  majority  of  retorts  this  operation  is 
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performed  at  certain  regular  intervals,  the  operation  of 
charging  being  preceded  by  that  of  discharging  in  the  case  of 
the  old  vertical  retorts.  This  latter  operation  was  effected 
by  withdrawing  the  spent  shale  through  the  water  seal  at  the 
bottom  of  the  retort.  This  drawing  was  done  at  the  end  of 
every  hour,  but  the  retort  was  only  freshly  charged  every 
three  hours,  about  3  cwts.  being  run  in  each  time.  The 
Henderson  first  retort  was  drawn  and  charged  every  four 
hours,  the  weight  of  each  charge  being  4  cwts.  The  drawing 
in  this  retort  is  effected  by  opening  a  door  at  the  bottom  of 
the  retort,  whence  the  spent  shale  drops  into  the  fireplace 
below.  The  Young  and  Beilby  retorts  were  also  charged 
once  in  four  hours,  with  about  4  to  5  cwts.  of  shale  each 
time,  the  spent  shale  being  first  drawn  out  at  the  bottom. 
The  Stanrigg  retort  was  only  charged  about  two  to  four 
times  each  day,  the  daily  charge  amounting  to  12  cwts.  In 
the  case  of  the  new  Henderson  retort,  the  charging  is  done 
at  intervals  of  about  two  to  four  hours,  but  the  discharging 
is  done  much  more  frequently  by  turning  the  discharging 
rollers  at  the  bottom,  by  means  of  the  lever  which  is 
provided  for  that  purpose. 

The  volatile  products  of  the  distillation  come  off  in  a 
pretty  regular  order.  First  there  is  hydrocarbon  gas,  then 
comes  a  colourless  light  oil,  then  a  yellow  oil  containing  solid 
paraffin,  then  dark  brown  oils  containing  much  alkaloidal 
matters.  This  is  the  order  when  a  quantity  of  shale  is  being 
distilled  throughout.  Besides  these  oily  bodies,  water  is 
found  accompanying  them.  In  modern  shale  distilling 
retorts  the  whole  charge  of  shale  is  at  varying  stages  of  its 
decomposition ;  that  at  the  top  is  just  giving  off  its  lightest 
products,  that  at  the  bottom  is  giving  off  its  heaviest 
products,  while  the  intermediate  portions  are  at  intermediate 
stages  of  treatment.  Therefore,  from  the  exit  pipe,  there 
is  passing  a  complex  mixture  of  volatile  products. 
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COLLECTION  AND  TREATMENT  OF  VOLATILE  PEODUCTS 
FROM  SHALE. 

The  volatile  products  obtained  in  the  distillation  of  shale 
-are  carried  out  of  the  retorts  by  suitable  pipes,  generally  from 
the  top  of  the  retort,  but  in  one  or  two  forms,  as  has  been 
previously  noted,  from,  the  bottom.  These  exit  pipes  are  in 
communication  with  an  hydraulic  main  which  passes  along 
the  front  of  the  bench  of  retorts.  In  this  main  some 
condensation  of  the  less  volatile  products  will  take  place,  but 
the  amount  is  not  large ;  necessarily  it  varies  with  every 
different  kind  of  retort ;  owing  to  the  very  different  tem- 
peratures at  which  the  gases  and  vapours  issue  from  the 
exit  tube,  in  some  retorts  this  temperature  will  reach  about 
1,000°  F.,  in  others  it  may  not  exceed  500°  F. 

From  the  hydraulic  main  the  products  pass  through  a 
series  of  upright  fl  shaped  tubes,  standing  on  a  large  iron  box 
divided  into  compartments,  so  that  one  leg  is  in  communica- 
tion with  one  compartment,  and  the  other  leg  with  the  next 
compartment.  These  tubes  act  as  condensers,  the  arrange- 
ment of  the  condensers  on  the  iron  compartment  box  ensuring 
that  the  products  will  pass  through  the  whole  series  of  tubes, 
and  therefore  the  products  will  become  fairly  well  condensed. 
In  winter,  of  course,  the  condensation  is  much  better  than  in 
the  hot  summer  weather,  when  occasionally  it  may  happen 
that  some  of  the  more  volatile  products  escape  condensation. 
These  are  recovered  as  mentioned  below.  In  the  condensers 
the  ammonia  water  and  crude  oil  condense  and  collect  in  the 
box,  from  which  they  flow  into  separators. 

SEPARATORS. 

The  separators  are  shown  in  a  sectional  diagram  in 
Figure  9.  They  consist  of  an  iron  box  divided  into  two 
compartments  by  a  partition  which  does  not  extend  quite  to 
the  bottom,  and  divides  the  box  into  two  unequal-sized 
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compartments.  The  inlet  pipe  for  the  products  from  the 
condensers  opens  into  the  larger  of  the  two  compartments 
on  the  top.  From  one  side  of  this,  near  the  top,  is  an 
opening  through  which  escapes  the  crude  oil ;  from  another 
side  of  the  same  compartment  is  another  opening  through 
which  flows  the  gaseous  and  uncondensed  product ;  from  an 
opening  in  the  smaller  compartment,  which  is  placed  some- 
what below  the  level  of  the  oil  opening,  flows  the  aqueous. 


FIG.  9.  Crude  Oil  Separator. 

portion  of  the  distillates.  The  water,  being  heavier  than  the 
oil,  sinks  down  to  the  bottom  in  the  separator,  and,  passing 
under  the  dividing  partition,  flows  out  through  the  exit  pipe 
provided  for  it ;  while  the  oil,  being  lighter,  remains  in  the  first 
division  of  the  separator,  and  flows  out  through  its  exit  pipe. 
The  Gases.  —  The  uncondensed  products  which  pass 
through  the  separators,  consisting  chiefly  of  uncondensable 
gas,  but  which  often  contain  portions  of  light  hydrocarbon 
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vapours,  are  next  passed  through  scrubbers.  These  consist  of 
a  tall  tower,  filled  with  broken  bricks,  etc.,  down  which  flows 
a  stream  of  naphtha  or  light  oil,  which,  exerting  a  solvent 
action  on  the  hydrocarbon  vapours  in  the  gases,  dissolves 
them,  and  carries  them  down  to  be  afterwards  recovered. 
The  gases  themselves  are  then  sent  forward  to  the  retorts  to 
be  used  for  fuel,  or  they  may  be  used  for  lighting  the  works 
or  other  purposes  to  which  gas  can  be  put.  The  amount 
usually  produced  is  2,000  cubic  feet  per  ton  of  shale,  but  the 
quantity  varies  with  the  kind  of  retort  which  is  used  in  the 
operation  of  distilling  the  shale. 

The  Ammonia  Water.  — •  This  usually  has  an  average 
specific  gravity  of  2J°  Twaddell  (1'012),  and  contains  am- 
moniacal  compounds  equivalent  to  0*277  Ib.  ammonium 
sulphate  per  gallon.  It  contains  ammonium  carbonate, 
which  is  the  principal  compound  present,  ammonium 
sulphide,  ammonium  sulphite,  ammonium  sulphate,  am- 
monium thiosulphate,  all  of  which  are  present  in  traces  only. 
This  ammonia  water  is  converted  into  ammonium  sulphate  by 
treatment  with  sulphuric  acid,  a  plan  which  was  first  adopted 
by  Eobert  Bell,  in  1864,  at  the  Broxbourn  Works.  The 
ammonia  sulphate  has  been  found  very  valuable  as  a  manure. 

TREATMENT  OF  THE  CRUDE  OIL, 

The  crude  oil  obtained  in  the  distillation  of  shale  is  a 
most  complex  mixture  of  various  bodies.  A  great  variety  of 
compounds  have  been  found  in  it,  but  it  is  doubtful  whether 
it  has  yet  been  fully  investigated,  and  the  whole  of  its 
constituents  known.  It  contains  :— 

1.  Paraffins  ranging  from  C4H10  to  G30H62. 

2.  Olefins  ranging  from  C4H8  to  C20H40. 

3.  Crotonylenes,  C6H10,  C7H12,  C8H14. 

4.  Hydrocarbons.     Benzenes  are  present  in  but  small 

quantities,  and  are  absent  in  some  shale  oils.     The 
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presence  of  naphthalene  and  anthracene  is  doubtful. 
Pyrene,  C16H10,  and  chrysene,  C18H12,  occur  in 
notable  quantity. 

5.  Nitrogen  bases.     Ammonia,  members  of  the  pyridine 

series,  coridine,  rubidine  and  viridine  are  present, 
but  no  members  of  the  aniline  series. 

6.  Oxygenated  bodies.      Acids  of  the  acetic  series  are 

present ;  phenols  and  oxyphenols  and  thymols  are 
present. 

7.  Sulphur   compounds.      These   are   present  in  small 

quantity.  Sulphur  is  present  to  the  extent  of  1*5 
per  cent,  in  shale.  Of  this  1*4  is  left  behind  in 
combination  with  the  spent  shale,  0'025  per  cent, 
is  found  among  the  gaseous  products,  0'028  is  found 
in  the  crude  oil,  and  0*02  in  the  ammonia  water. 
The  presence  of  sulphur  in  shale  leads  to  the 
diminution  of  the  amount  of  paraffin  wax,  and  a  low 
yield  of  other  products. 

Of  all  these  bodies  found  in  crude  oil,  only  the  paraffins 
and  olefins  are  of  any  service  to  the  shale  oil  distiller.  The 
rest  are  of  no  use  whatever,  and  have  to  be  got  rid  of,  and 
their  presence  increases  the  difficulty  of  refining  the  crude  oil. 
The  principles  on  which  crude  oil  is  refined  are  :  First, 
that  sulphuric  acid  has  a  solvent  action  on  the  heavier 
hydrocarbons — naphthalene,  anthracene,  pyrene,  chrysene, 
etc.,  and  on  the  nitrogen  bases  which  are  present.  Second, 
that  caustic  soda  has  a  solvent  action  on  the  oxygenated 
and  sulphur  compounds.  Thirdly,  that  by  fractional  distilla- 
tion the  oils  can  be  separated  into  hydrocarbons  of  varying 
gravities  and  boiling  points. 

The  process  of  refining  crude  shale  oil,  therefore,  consists 
in  treatment  with  sulphuric  acid,  caustic  soda  and  distillation. 
The  following  diagram   gives  an  epitome  of  these  pro- 
cesses and  shows  where  the  various  operations  come  in : — 
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This  diagram  does  not  pretend  to  be  complete,  but 
simply  to  give  a  general  idea  of  the  method  of  working. 
The  details  of  refining  vary  at  different  works ;  some  pro- 
duce a  comparatively  small  number  of  products,  others  carry 
the  refining  rather  further  and  produce  a  greater  variety. 

CRUDE  OIL  is  a  dark,  reddish  brown,  pasty  mass,  with 
a  peculiar  odour.  It  has  a  specific  gravity  of  from  0'865  to 
0'890,  the  tendency  being  with  modern  improvements  to 
produce  a  lighter  crude  oil. 

This  crude  oil  is  refined  into  useful  products  by  a  process 
depending  largely  upon  distillation,  combined  with  treat- 
ments by  sulphuric  acid  and  caustic  soda.  The  distillation 
of  crude  oil  may  be  carried  out  in  an  intermittent  manner, 
or  in  a  semi-continuous  manner,  the  latter  being  the  most 
modern  idea  of  refining  shale  oil. 

The  intermittent  method  of  refining  crude  oil  is  carried 
out  in  the  following  manner  :  The  crude  oil  is  put  into  a 

large  iron  still  which 
is  cylindrical  in  shape, 
a  concave  bottom  and 
a  large  manhole  on 
the  top.  Such  still  is 
shown  in  Figure  10. 
It  may  be  made  7  feet 
in  diameter  and  5  to 
7  feet  high,  and  is  1 
inch-thick.  From  the 
top  rises  a  goose-neck, 
which  is  in  connec- 
tion with  a  worm 
condenser.  The  still 

varies  in  size  at  different  works,  and  may  be  constructed 
to  hold  from  250  to  2,200  gallons  of  oil.  The  still  is  set  in  a 
suitable  brickwork  furnace. 


PIG.  10.  Shale  Oil  Still. 
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When  the  still  is  first  set  in  operation  some  gas  conies 
over,  at  about  100°  to  120°  F. ;  this  is  followed  by  a  light 
colourless  oil.  When  the  temperature  gets  higher,  a  pale 
yellow  oil  comes  over ;  this  oil  gradually  darkens  in  colour, 
and  soon  particles  of  solid  paraffin  begin  to  show  themselves. 
Finally  a  dark  brown  oil  comes  over ;  this  contains  the  great 
bulk  of  the  alkaloidal  matters  of  the  crude  oil.  The  distilla- 
tion is  carried  on  until  nothing  comes  over,  and  a  mass  of 
coke  is  left  behind  in  the  retort. 

At  first  the  condenser  is  kept  full  of  cold  water ;  when, 
however,  the  oil  begins  to  get  of  a  dark  yellow  colour,  the 
water  is  run  off;  then  when  solid  paraffin  shows  itself,  warm 
water  is  run  into  the  condenser  to  keep  the  paraffin  in  a 
liquid  condition,  or  otherwise  the  pipes  might  become  choked 
up. 

The  oily  matter  which  comes  over  is  known  as  "  Once 
Eun  Oil".  The  modern  shale  retorts,  Young  and  Beilby's 
and  Henderson's,  are  found  to  give  crude  oil  of  so  much 
greater  purity  than  what  the  older  patterns  of  retorts  did, 
that  it  has  been  found  possible  to  dispense  with  this  first 
distillation  and  proceed  with  the  next  operation,  thus 
saving  a  considerable  item  in  cost. 

In  some  cases  steam  is  sent  into  the  still,  but  this  is  not 
customary. 

ONCE  EUN  OIL.  This  has  much  the  same  appearance 
as  crude  oil,  but  is  rather  paler  in  colour  and  lighter  in 
specific  gravity,  which  is  usually  0'845  to  0'876,  and  it  forms 
some  90  to  95  per  cent,  of  the  original  crude  oil. 

The  first  treatment  to  which  once  run  oil  is  subjected 
consists  in  running  it  into  large  iron  tanks  holding  about 
8,000  gallons  and  fitted  with  either  a  mechanical  agitator  or 
with  an  arrangement  for  agitating  with  air,  the  latter  plan 
being  considered  to  be  the  best.  In  these  tanks  it  is  mixed 
with  from  2J  to  4  per  cent,  of  its  volume  of  strong  sulphuric 
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acid  of  1'74  (148°  Twaddell),  the  acid  and  the  oil  being 
thoroughly  mixed  by  the  agitator.  As  regards  a  mechanical 
agitator,  this  usually  takes  the  form  of  an  iron  shaft  carrying 
arms  which,  running  round  in  the  oil,  agitate.it.  The  air 
agitator  usually  takes  the  form  of  a  copper  box  placed  at  the 
bottom  of  the  tank ;  the  box  has  perforated  sides,,  and  is  in 
communication  with  a  blower  which  forces  air  through  the 
mixture  of  oil  and  acid.  After  being  agitated  together  for 
some  time  the  mass  is  allowed  to  stand  for  about  twenty-four 
hours,  when  the  acid  settles  to  the  bottom,  carrying  with  it 
all  the  impurities  which  it  has  dissolved  out  of  the  oil.  The 
layer  of  acid  at  the  bottom  of  the  tank  is  then  run  off,  leaving 
the  purified  oil.  This  acid  layer  has  a  black  colour  and  a 
strong  odour  of  sulphur  dioxide ;  it  is  known  as  the  acid  tar. 

The  acid  has  no  action  upon  the  paraffins  present  in 
the  once  run  oil,  and  comparatively  little  if  any  on  the  ole- 
fins.  Some  of  the  other  hydrocarbons  it  polymerises,  and 
the  crotonylenes  which  are  present  are  probably  converted 
into  acetylenes,  for  those  bodies  have  been  found  present  in 
the  acid  tar  while  they  are  absent  in  the  original  oil.  The 
pyrene  and  chrysene  are  dissolved,  while  the  nitrogenous 
bases  are  combined  with  the  oil  and  become  dissolved 
therein.  It  will  thus  be  seen  that  the  sulphuric  acid  has  a 
great  purifying  action  on  the  oil.  It  is  not  advisable  to  use 
too  much  or  too  strong  sulphuric  acid,  or  it  may  attack  some 
of  the  higher  members  of  the  olefin  series  of  hydrocarbons 
which  may  be  present,  and  this  is  not  desirable,  as  these 
bodies  are  useful  lubricating  agents. 

The  acid  tar  which  is  obtained  at  several  stages  of  the 
process  of  refining  shale  oil  (see  Diagram,  page  51)  is  mixed 
with  water,  which  causes  the  oil  to  separate ;  this  is  collected 
and  used  as  a  fuel,  being  burnt  by  means  of  a  spray  burner. 
The  acid  is  employed  in  the  manufacture  of  ammonia  sul- 
phate. 
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The  second  treatment  of  the  oil  consists  in  running  into 
the  oil  in  the  tank  from  2J  to  4  per  cent,  of  its  volume  of  a 
solution  of  caustic  soda,  of  a  specific  gravity  of  1*30  (60° 
Twaddle),  thoroughly  agitating  the  oil  and  alkali  together 
and  then  allowing  them  to  stand  to  settle.  The  alkali  goes 
to  the  bottom  and  carries  with  it  all  the  acid  and  sulphur 
constituents  of  the  oil,  the  alkaline  mixture  which  is  thus 
obtained  being  run  off  and  forming  what  is  known  as 
"soda  tar".  The  washed  oil  is  then  ready  for  the  next 
operation. 


FIG.  11.  Oil  Washing  Tank. 

Figure  11  shows  one  form  of  tank  in  which  the  treatment 
with  acid  and  alkali  can  take  place.  The  lower  portion  of 
this  tank  has  a  steam  jacket,  so  that  the  contents  may  be 
heated  to  about  150°  F.  to  ensure  their  being  perfectly  fluid. 
It  is  fitted  with  an  air  agitator  D,  in  connection  with  an  air 
pipe  C,  an  outlet  for  the  tar  A,  an  outlet  for  the  washed  oil 
0,  and  a  steam  pipe  F  to  jacket. 

The  soda  tar  is  treated  by  blowing  air  into  it,  which 
causes  the  formation  of  carbonate  of  soda  and  the  liberation 
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of  oily  matters  dissolved  in  it ;  these  are  known  as  creosote, 
but  have  little  use.  The  carbonate  of  soda  can  be  recausti- 
cised  for  future  use. 

The  WASHED  ONCE  KUN  OIL  is  now  run  into  a 
still  of  some  2,000  gallons  capacity.  This  still  differs  some- 
what in  form  from  that  used  in  the  first  distillation  of  the 
crude  oil,  and  is  shown  in  Figure  12.  Inasmuch  as  in  this 
second  distillation  the  operation  is  not  carried  out  until  a 


FIG.  12.  Oil  Still. 

dry  residue  is  left  behind,  it  is  found  better  to  employ  a  still 
(Figure  12)  with  a  convex  bottom,  so  that  when  the  distillation 
is  ended  the  residual  liquid  can  be  blown  out  through  a  pipe 
provided  for  that  purpose.  In  this  second  distillation  the 
oil  is  subjected  to  a  fractional  separation.  As  the  distillation 
proceeds,  the  distillates  are  tested  from  time  to  time.  When 
the  specific  gravity  of  it  reaches  0*760,  the  receiver  is 
changed,  or  rather  the  direction  of  the  stream  of  distilled 
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oil  is  changed,  and  run  into  another  tank.  What  has  come 
over  is  "  green  naphtha,"  the  refining  of  which  will  be  dealt 
with  presently.  Then  the  distillation  is  carried  on  until 
evidences  of  solid  paraffin  begin  to  show  themselves  in 
the  condenser,  and  then  the  direction  of  the  stream  of  dis- 
tillates is  again  changed.  What  has  come  over  is  known  as 
"twice  run  light  oil,"  and  it  is  subsequently  refined  into 
burning  oils  of  various  qualities.  The  distillation  is  then 
proceeded  with  until  a  dark  brown  oil  comes  over,  and  but 
little,  about  5  per  cent.,  of  the  original  oil  is  left  in  the  still, 
then  it  is  stopped.  What  has  come  off  is  known  as  "green 
oil,"  and  is  afterwards  refined  into  lubricating  oils  and 
.solid  paraffin  wax.  The  residue  in  the  retort  is  used  for 
making  grease,  fuel,  etc.,  and  is  known  as  "  still  bottoms," 
•"  shale  grease  ". 

This  system  of  distilling  the  crude  shale  oils  is  rather 
costly.  The  wear  and  tear  on  the  stills  by  being  heated  to 
redness  in  the  first  case  to  run  the  oil  to  coking  point,  and  the 
breaking  up  of  the  furnaces  by  the- unequal  expansion  due  to 
the  cooling  and  heating  which  must  occur  in  the  intermittent 
system  of  working,  cause  a  very  large  outlay  for  repairs. 
Still  with  the  older  forms  of  retorts  it  was  necessary,  inas- 
much as  the  crude  oil  was  not  pure  enough  to  fractionally 
distil  at  once,  and  there  is  no  doubt  but  that,  during  the  first 
distillation,  some  of  the  heavier  hydrocarbons  were  broken 
up  with  the  formation  of  lighter  hydrocarbons,  a  feature 
which  has  been  observed  in  the  treatment  of  petroleum,  and 
has  been  termed  "cracking".  The  more  modern  retorts, 
however,  give  a  much  purer  crude  oil,  which  may  at  once  be 
fractionally  distilled.  There  has  thus  been  devised  a  system 
of  continuous  or  semi-continuous  distillation,  principally  by 
Mr.  Henderson  of  the  Broxbourn  Works,  where  it  is  carried 
out  to  its  greatest  length. 
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The  SEMI-CONTINUOUS  SYSTEM  of  distilling  the* 
shale  oil  is  carried  out  in  a  set  of  five  stills.  These  are 
shown  in  Figures  13  and  14,  which  are  taken  from  a  paper 
read  by  Mr.  D.  R.  Stuart,  and  published  in  the  Journal  of  the 
Society  of  Chemical  Industry  for  February,  1889.  In  this 
method  of  distilling  two  kinds  of  stills  are  employed.  First 
there  is  a  set  of  three  boiler-shaped  stills  set  in  a  suitable 
brickwork,  and  heated  by  separate  fireplaces.  These  three 
boilers  are,  for  the  sake  of  economy,  set  in  a  single  setting. 
Besides  these  there  are  two  coking  stills  of  the  form  shown 
in  Figure  14.  The  crude  or  once  run  oil  is  run  into  the  centre 
one  of  the  three  boiler-shaped  stills,  and  it  is  heated.  When 
the  naphtha  begins  to  distil  off,  the  supply  of  crude  oil  is 
allowed  to  run  in  at  a  rate  equivalent  to  the  rate  at  which 
the  distillation  proceeds.  This  still  is  therefore  kept  at  one 
uniform  heat  to  permit  of  this  being  done.  The  oil  from 
which  the  naphtha  has  been  distilled  off  is  run  into  one  of 
the  end  stills  and  is  heated  to  a  higher  temperature,  and  from 
it  the  burning  oils  having  a  gravity  of  0*835  are  distilled  off. 
From  this  still  the  oil  runs  into  one  of  the  coking  stills  to  be 
run  dry.  What  comes  over  in  this  still  is  the  green  oil.  It 
will  be  understood  that  there  is  a  constant  flow  of  crude  oil 
in  at  one  end  of  the  central  still,  and  distilled  oil  out  at  the 
other  end  into  the  second  still.  When  this  is  full  the  flow 
of  oil  is  transferred  to  the  third  still  at  the  other  end  of  the 
set.  It  is  found  that  one  naphtha  still  will  keep  two  burning 
oil  stills  in  work,  and  for  these  two  coking  stills  are  required. 

The  main  advantage  of  such  a  system  of  distilling  is  that 
a  greater  volume  of  oil  can  be  treated  in  a  given  time,  that  the 
regular  heat  at  which  they  are  maintained  greatly  reduces 
the  wear  and  tear  on  them,  and  so  reduces  the  cost  of  repairs. 
A  further  economy  is  effected  by  causing  the  oils  fed  into  the 
stills  to  be  heated  by  the  hot  vapours  which  are  passing  off 
from  the  stills  themselves. 
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Three  to  four  products  are  obtained  in  distilling  fraction- 
ally once  run  or  crude  oil  by  either  of  the  methods  described. 
1st.  Green  naphtha. 


2nd.  Twice  run  light  oil. 

3rd.  Green  oil. 

4th.  Coke  or  shale  grease. 

These  products  are   now  subjected    to  various  refining 
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operations  before  they  are  sent  out  as  commercial  pro- 
ducts. 

The  green  naphtha  is  first  treated  with  1  to  1J  per  cent. 

of  its  volume  of  sulphuric 
acid,  then  with  1J  to  2  per 
cent,  of  its  volume  of  caustic 
soda,  these  operations  being 
called  washing ;  the  tars 
which  are  in  each  case  pro- 
duced being  added  to  the 
corresponding  tars  obtained 
from  the  crude  oil  or  once 
run  oil,  and  treated  with 
them. 

The  washed  naphtha  is 
next  put  into  a  still  and 
distilled  until  the  distillate 
has  a  specific  gravity  of 
0*760.  Sometimestwo frac- 
tions are  collected,  a  light 
naphtha  having  a  gravity  of 
0*730,  and  a  heavy  naphtha 
having  a  gravity  of  0'760. 
Whatever  remains  in  the 
still  after  this  naphtha  has 
come  off  is  put  into  the 
twice  run  light  oil,  and  re- 
fined along  with  that. 

Shale  naphthais  a  water- 
white,  very  limpid  oil  or 
spirit.  Its  specific  gravity 

varies  from  0'730  to  0'760.  It  is  quite  insoluble  in  water, 
and  will  not  mix  with  that  fluid.  It  is  inflammable, 
.and  on  the  application  of  a  light  will  take  fire,  burning 
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with  a  luminous  flame.  It  is  therefore  highly  impor- 
tant when  working  with  naphtha  to  be  careful  that  no 
light  can  come  in  contact  with  it  or  its  vapour.  It  is  very 
volatile,  and  on  exposure  to  the  atmosphere  evaporates 
completely  away  without  leaving  any  residue  behind.  It  is 
not  acted  upon  by  caustic  soda,  sulphuric  acid,  or  nitric  acid, 
at  all  ordinary  temperatures,  or  even  when  heated  to  a 
moderate  degree.  Long  digestion  with  strong  sulphuric  acid 
will  cause  the  olefins  it  contains  to  be  dissolved  in  the  acidr 
but  the  paraffins  are  untouched.  Naphtha  is  a  powerful 
solvent  of  oils,  fats,  and  similar  bodies.  It  does  not  dissolve 
resins  freely,  the  most  soluble  being  dammar.  It  is  employed 
as  a  solvent  in  the  preparation  of  paints  and  varnishes,  and 
in  other  industries. 

Naphtha  begins  to  boil  at  about  60°  C.,  sometimes  even 
higher;  usually  from  4  to  5  per  cent,  distils  over  below  100°  C., 
10  per  cent,  under  125°  C.,  60  per  cent,  under  160°  C.,  and 
90  per  cent,  under  190°  C.  This  is  the  usual  average  rate  of 
distillation  for  a  heavy  naphtha.  A  light  naphtha  will  distil 
at  somewhat  lower  temperatures. 

Shale  naphtha  is  a  complex  mixture  of  hydrocarbons 
which  principally  belong  to  two  series,  paraffins  and  olefins,. 
the  latter  forming  about  60  per  cent,  of  the  naphtha.  There 
has  been  obtained — Hexene,  C6H12,  heptene,  C7H14,  octene, 
C8H16,  and  nonene,  C9H18,  among  the  olefins ;  and  pentane, 
C5H12,  hexane,  C6H14,  heptane,  C7H16,  octane,  C8H18,  and 
nonane,  C9H90,  among  the  paraffins,  but  other  members  of 
these  hydrocarbons  are  present. 

The  TWICE  KUN  LIGHT  OIL  is  refined  by  washing 
with  1  to  1J  per  cent,  of  sulphuric  acid,  and  1  to  1J  per  cent, 
of  caustic  soda,  as  has  been  previously  described.  It  is  then 
run  into  stills,  and  usually  fractionated  into  three  fractions  : — 

1st.  Having  a  gravity  of  from  O'SOO  to  0*810. 

2nd.  Having  a  gravity  of  0-81.0  to  0'820. 
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3rd.  Having  a  gravity  of  O820  to  O830. 

What  is  left  in  the  still,  after  running  off  these  fractions, 
is  added  to  the  green  oil  for  treatment,  or  rather  to  the  blue 
oil,  which  is  obtained  from  the  green  oil. 

Each  of  these  fractions  is  then  subjected  to  a  further 
refining  operation,  which  consists  in  washing  them  with  a 
small  proportion  of  acid  and  soda,  usually  about  1  per  cent., 
and  then  redistilling  into  fractions,  which  then  form  the 
commercial  burning  oils. 

Usually  the  following  grades  of  burning  oils  are  made  : — 

No.  1.  Best,  having  a  gravity  of  0*800,  and  a  flash  point 
of  100°  F. 

No.  2.  First  quality,  specific  gravity,  0*810 ;  flash  point, 
103°  F. 

No.  3.  Second  quality,  specific  gravity,  0'815  ;  flash  point, 
120°  F. 

No.  4.  Lighthouse  oil,  specific  gravity,  0'820  ;  flash  point, 
160°  F. 

No.  5.  Marine  sperm  oil,  specific  gravity,0'830;  flashpoint, 
230°  F. 

After  separating  these  fractions,  there  is  usually  left  a 
residue  of  oil  of  about  0'840  specific  gravity.  This  is  now 
sold  for  gas  making,  as  a  fuel  oil,  etc. 

Steam  is  sent  into  the  retort  to  control  the  distillation. 
The  oils  distil  off  unchanged.  Very  little  of  the  cracking 
which  goes  on  during  the  distillation  of  American  and 
Russian  oils  appears  to  occur  with  Scotch  oils.  The  steam 
serves  the  purposes  of  lowering  the  temperature  of  distilla- 
tion, and  enables  the  vapour  of  the  distilling  oil  to  be 
carried  out  of  the  still.  It  is  of  great  importance  to 
fractionate  the  oils  thoroughly.  A  little  naphtha  left  in  a 
burning  oil  lowers  the  flash  point  very  considerably,  while  if 
any  of  the  heavier  oil  is  left  in,  it  reduces  the  capillary  power 
of  the  oil,  and  it  burns  badly.  This  thorough  fractionation 
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is  only  effected  by  several  distillations.  The  burning  oils  are 
sent  out  in  two  forms,  distilled  oils  and  treated  oils.  The 
former  are  purified  by  distillation  only.  These  are  darkest 
in  colour  and  strongest  in  smell,  but  they  burn  the  best ; 
the  wicks  do  not  become  charred  so  much,  nor  become 
covered  with  a  crust.  Treated  oils  are  those  which  have 
been  washed  with  caustic  soda.  They  are  liable  to  contain 
traces  of  soda,  which  causes  them  to  form  a  crust  on  the 
wick  after  a  time.  They  are  clear  and  bright  in  appearance, 
and  fairly  free  from  odour.  By  careful  washing  of  the  oil 
with  water,  much  of  the  alkali  may  be  eliminated,  in  which 
case  there  is  little  or  no  crusting  of  the  wick. 

The  best  oils  are,  after  being  distilled  and  treated,  sub- 
jected to  a  bleaching  operation,  which  consists  in  exposing 
them  in  shallow  tanks  under  a  glass  roofed  shed  to  sunlight. 
The  extent  of  the  bleaching  is  not  great,  but  it  is  sufficient 
to  make  the  oil  look  paler,  brighter  and  clearer. 

A  burning  oil  should  not  begin  to  boil  much  below  400°  F., 
and  leave  but  little  residue  at  572°  F. 

The  GKEEN  OIL  contains  the  lubricating  oils  and  solid 
paraffin.  The  solid  paraffin  amounts  to  about  12  to  13  per 
cent,  of  the  crude  oil.  It  is  of  interest  to  note  that,  from  the 
crude  oil  itself,  only  some  6  per  cent,  can  be  extracted,  which 
shows  that  much  solid  paraffin  must  be  formed  by  the 
subsequent  distilling  operations  through  which  the  oil  passes. 
Probably  the  paraffin  is  present  in  the  amorphous  or  un- 
crystallisable  condition,  and  cannot  therefore  be  pressed  out 
by  the  usual  method  which  is  adopted  for  extracting  paraffin  ; 
but  during  the  distilling  this  amorphous  paraffin  is  converted 
into  crystalline  paraffin.  It  is  noticeable,  too,  in  the  same 
connection  that  the  blue  oil,  which  may  be  supposed  to  be 
fairly  free  from  solid  paraffin  when  fractionated,  gives 
distillates  which  contain  solid  paraffin. 

The  green  oil  (or,  as  it  is  sometimes  named,  heavy  oil  and 
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paraffin)  is  run  into  tanks  about  a  foot  deep  in  large  open 
sheds,  where  it  is  cooled.  Being  stirred  from  time  to  time 
during  the  operation,  the  solid  paraffin  during  the  cooling 
solidifies.  From  these  tanks  the  mass  is  run  into  refrigerating 
tanks.  These  are  10  feet  long  by  6  feet  wide.  They  are 
divided  by  suitable  partitions  into  compartments.  These  are 
of  two  sizes — one  set  6  inches  wide,  into  which  is  placed  the 
oil  to  be  cooled,  while  the  other  set  is  1  inch  wide,  and 
through  these  there  is  a  constant  flow  of  a  solution  of  calcium 
chloride  that  has  been  cooled  in  a  refrigerating  machine.  It 
is  important  that  the  rate  of  cooling  be  slow,  so  as  to  allow 
time  for  the  crystals  of  paraffin  to  form  properly ;  generally 
three  and  a  half  hours  are  allowed  for  the  oil  to  cool  down 
from  60°  or  70°  F.  to  30°  or  lower,  in  the  first  refrigeration 
to  which  the  oil  is  subjected ;  but  in  the  second,  or  subse- 
quent coolings,  eight  to  nine  hours  are  allowed.  Unless  the 
crystallisation  proceeds  properly,  it  is  difficult  in  the  subse- 
quent pressing  to  press  all  the  oil  out  of  the  scale,  which  then 
comes  up  softer  and  browner  in  colour  than  it  would 
otherwise  do.  To  facilitate  the  cooling,  the  sides  of  the 
tanks  are  scraped  from  time  to  time,  and  the  contents  of  each 
compartment  stirred  up. 

In  some  works,  in  place  of  using  tanks  for  the  purpose  of 
air-cooling  the  green  oil,  they  have  long  cylinders  of  3  feet  in 
diameter,  in  which  there  is  a  stirrer  continually  working. 
From  this  cylinder,  when  sufficiently  cooled,  the  oil  runs 
into  the  refrigerating  tanks  to  be  cooled  still  further. 

At  the  Oakbank  Works  a  somewhat  different  arrange- 
ment is  employed  for  cooling  and  refrigerating  the  oil,  which 
is  allowed  to  take  four  days.  The  oil  is  run  into  deep  but 
narrow  tanks,  built  in  blocks  with  interspaces  between, 
these  interspaces  being  enclosed  and  containing  tubes 
through  which  flows  a  cold  brine  solution  from  a  refrigerat- 
ing machine.  Each  block  is  made  large  enough  to  hold  a 
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day's  production  of  oil.  At  the  bottom  of  each  cell  revolves 
a  screw  worm,  the  shaft  of  which  passes  through  stuffing- 
boxes  at  the  ends  of  the  cell  and  is  connected  with  a  screw 
worm  gearing.  The  worm  or  screw  in  the  cell  is  for  the 
purpose  of  breaking  up  the  solidified  paraffin  and  getting  it 
into  a  condition  suitable  for  the  filter  press.  This  form  of 
plant  is  shown  in  Figure  15,  which  represents  a  longitudinal 
section  of  a  cell  with  the  screw.  It  may  be  added  that  each 
block  of  cells  is  supported  on  girders  and  pillars,  and  under 


FIG.  15.  Paraffin  Wax  Tank. 

them  are  placed  the  filter  presses  employed  to  press  the 
frozen  oil.  For  a  fuller  account,  a  paper  by  Mr.  George 
Beilby  in  the  Journal  of  the  Society  of  Chemical  Industry,  1885, 
page  321,  may  be  consulted. 

After  being  cooled  and  broken  up,  the  frozen  oil  is 
pumped  through  a  filter  press,  such  as  is  shown  in  Figure  16. 
The  oil  which  passes  through  is  known  as  blue  oil,  or  heavy 
oil,  while  the  solid  paraffin  that  is  left  behind  in  the  press  is 
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known  as  "hard  scale".  The  method  of  dealing  with  this 
scale  will  be  described  presently.  It  is  important  in  the 
refining  of  heavy  oils  for  lubricating  that  all  the  solid  paraffin 
be  extracted,  or  otherwise  the  specific  gravity  and  setting 
point  of  the  oil  are  much  affected.  A  heavy  oil  of  0'863  spe- 
cific gravity  and  setting  at  42°  F.  will,  after  having  10  per  cent, 
of  paraffin  removed  from  it,  have  its  specific  gravity  raised 
to  0*872,  and  its  setting  point  reduced  to  20°  F.,  while  its 
viscosity  will  be  increased.  This  arises  from  the  fact  that 


FIG.  16.  Oil  Filter  Press. 

solid   paraffin   when   melted   or   in   solution   has  a  specific 
gravity  of  Q'810. 

The  BLUE  OIL.  The  blue  oil,  which  comes  from  the 
filter  presses,  usually  has  a  specific  gravity  of  0*872  and  a 
setting  point  of  about  30°  F.,  but  it  will  vary  according  as  it 
comes  from  the  first  cooling  or  the  second  cooling.  That 
from  the  latter  is  higher  in  gravity  and  lower  in  setting 
point,  which  usually  is  about  20°  F.  In  some  works  the 
blue  oil  is  washed  with  acid  and  soda  and  then  distilled ;  in 
others  it  is  distilled  first.  This  seems  to  be  preferable  to 
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washing  it  first.     During  the  distillation  it  is  fractionated, 
the  following  fractions  being  collected  : — 

1.  840  oil,  which  is  used  for  making  gas,  cleaning,  etc. 

2.  Mineral  colza  oil,  0'840  to  0'845  specific  gravity,  em- 

ployed as  a  burning  oil. 

3.  Lubricating  oils,  0'865  specific  gravity. 

4.  „  „     0-875       „ 

5.  „  „     0-885       „ 

6.  „  „     0-895       „ 

The  heavier  oils  will  contain  some  solid  paraffin.  This  is 
separated  out  by  refrigerating  them,  in  this  case  cooling 
down  to  a  lower  temperature  than  is  employed  with  the 
green  oil.  The  scale  obtained  is  rather  softer  than  is  got 
from  the  green  oil,  and  is  known  as  "  soft  scale  ". 

Each  of  the  fractions  may  be  subjected  to  a  second  dis- 
tillation before  it  is  ready  to  place  on  the  market,  so  as  to 
obtain  as  uniform  a  quality  as  possible.  Further,  the  frac- 
tions are  washed  with  acid  and  soda  and  then  bleached  by 
exposure  to  sunlight  in  shallow  tanks  under  a  glass  roof. 

As  regards  the  special  properties  of  the  lubricating  oils, 
these  will  be  fully  described  in  the  chapter  on  Oil  Test- 
ing. 

The  following  details  of  the  properties  of  the  various 
grades  of  Scotch  lubricating  oils  will  be  found  of  interest : — 

"  865  "  Oil.     Light  yellow  in  colour,  with  a  violet-blue  fluorescence. 

(1)  (2) 

Specific  gravity  at  60°  F.        .         .       t.          0-871  0-8654 

„  212°  F.         .         .                  0-816  0-8126 

Viscosity  at  70°  F 27  19 

„  100°  F 18  15 

„  120°  F 16  13 

„  150°  F 14  12 

„  212°  F 12  11 

Vaporising  temperature        .         .        .          178°  F.  176°  F. 

Flash  point 318°  F.  320°  F. 

Fire  test                                                              382°  F.  393°  F. 
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"  875  "  Oil.     Colour,  a  pale  yellow  with  violet-blue  fluorescence. 


(1) 

(2) 

Specific  gravity  at  60°  F. 

0-877 

0-8735 

,,212°F. 

.       0-824 

0-8214 

Viscosity  at  70°  F.     . 

28 

26 

„  100°  F.     . 

19 

18 

,,120°F.     .         . 

17 

15 

„  150°  F.     . 

16 

13 

„  212°  F.     . 

14 

12 

Vaporising  point    . 

184°  F. 

186°  F. 

Flash  point    .... 

330°  F. 

334°  F. 

Fire  test         .... 

406°  F. 

410°  F. 

885-90"  Oil.     Colour,  yellow  with  violet-blue  fluorescence. 

(1) 

(2) 

Specific  gravity  at  60°  F. 

0-882 

0-8861 

„         ,,212°F.         . 

0-830 

0-8331 

Viscosity  at  70°  F.     . 

.         .         35 

38 

„  100°  F.    . 

22 

22 

,,           ,  120°  F.     . 

18 

17 

,,150°F.     . 

15 

16 

„  212°  F.     . 

14 

13 

Vaporising  temperature 

190°  F. 

193°  F. 

Flash  point  .         .         . 

352°  F. 

356°  F. 

Fire  test        .... 

440°  F. 

442°  F. 

890-95  "  Oil.     Colour,  brownish 

yellow  with  violet-blue 

fluorescence. 

(1) 

(2) 

Specific  gravity  at  60°  F. 

0-892 

0-8892 

„         ,,212°F.         . 

0-840 

0-8424 

Viscosity  at  70°  F.     . 

62 

54 

„  100°  F.    . 

31 

26 

„  120°  F.    . 

24 

20 

„  150°  F.    . 

17 

15 

„  212°  F.    . 

15 

14 

Vaporising  temperature 

202°  F. 

208°  F. 

Flash  point  .... 

372°  F. 

374°  F. 

Fire  test 

458°  F. 

460°  F. 

It  may  however  be  stated  here  that  they  should  not 
begin  to  distil  below  600°  F.,  or  at  all  events  but  little  should 
come  over.  The  flash  point  will  vary  from  320°  F.  to  380° 
F.,  according  to  the  gravity.  Their  viscosity  should  be  good, 
and  they  ought  to  be  as  free  as  possible  from  solid  paraffin,, 
colour  or  smell,  while  their  bloom  or  fluorescence  should  not 
be  strong. 
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The  usual  grades  of  Scotch  lubricating  oils  are  given 
above.  Generally,  it  may  be  said  that  they  are  of  good 
quality,  possess  good  flash  points,  which  vary  of  course  with 
the  gravity  of  the  oil,  and  have  a  good  viscosity.  They  are 
very  serviceable  for  lubricating  all  kinds  of  light-running 
machinery,  shafting,  etc.,  and  are  much  employed  for  that 
purpose.  See  the  chapters  on  Oil  Testing  and  Lubrication. 

The  lubricating  oils  obtained  from  Scotch  shale  consist 
chiefly,  perhaps  to  the  extent  of  80  or  90  per  cent.,  of  the 
higher  members  of  the  olefin  series  of  hydrocarbons. 
Usually  the  higher  members  of  the  paraffin  hydrocarbons 
have  very  little  lubricating  power,  and  the  smaller  the 
proportion  of  them  the  better  is  the  quality  of  the  oil 
produced. 

The  PAKAFFIN  SCALE  is  refined  into  paraffin  wax 
of  various  melting  points.  One  method  of  working  is  to 
dissolve  the  crude  scale  in  naphtha,  using  as  little  as  possible, 
then  by  cooling  crystallising  out  the  solid  paraffin  and 
separating  it  by  pressure  either  in  a  filter  press,  or  more 
commonly  by  an  hydraulic  press.  This  process  is  repeated 
several  times  to  get  the  oil  out  of  the  paraffin,  and  so  improve 
its  melting  point  and  colour.  Sometimes  the  solution  of  the 
wax  in  naphtha  is  filtered  through  ground  charcoal,  or 
Fuller's  earth,  or  ground  spent  shale,  to  take  out  the  colour- 
ing matter.  By  steaming  the  solvent  may  be  removed  from 
the  wax.  Preliminary  treatments  with  sulphuric  acid  and 
with  soda  have  been  given  to  the  scale,  but  in  such  cases  it 
is  needful  to  remove  by  careful  washing  any  acid  or  soda 
which  may  have  been  used. 

The  following  diagram  given  by  Tervet,  Journal  of  the 
Society  of  Chemical  Industry,  1887,  p.  356,  shows  the  general 
scheme  of  working  the  naphtha  process  of  scale  refining : — 
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DIAGRAM  OF  PARAFFIN  WAX  REFINING. 

NAPHTHA  PROCESS. 

Scale. 

— Mixed  with  drippings  and  naphtha. 
Cooled  and  pressed. 


Once  washed  scale. 

Treated  with  naphtha. 

Cooled  and  pressed. 


Drippings. 


Drippings. 

Mixed  with  other  drippings 

and  soft  scale. 

Cooled  and  pressed. 


Scale, 

M.P.  120°  to 
150°  F. 


/  Once  washed 
soft  scale. 

Naphtha  added. 

Cooled  and  pressed. 
I 


/      I 
Drippings. 


I 

Soft  scale, 

M.P.  110°  to 

115°  F. 


Drippings. 

Naphtha  distilled 
off. 

I 

Residue  cooled 
and  pressed. 

I 


Oil. 


Soft  scale. 


Paraffin  scale  is  a  mixture  of  oily  and  solid  paraffins  of 
various  melting  points.  The  following  table  given  by  Tervet, 
loc.  cit.,  gives  the  melting  points  of  various  scales  and  waxes 
which  have  been  separated  into  5  per  cent,  fractions : — 

ANALYSES  OF  PARAFFIN  SCALES  AND  WAXES. 

Melting  points  of  5  per  cent,  fractions  in  degrees  F. : — 


Fraction. 

Scale. 

Hard  Scale. 

Soft  Scale. 

Wax  126°. 

Wax  1110. 

Wax  102°. 

1 

93 

104 

80 

119 

103 

94 

2 

95 

106 

83 

120 

104 

94 

3 

97 

108 

86 

120-5 

104-5 

95 

4 

98 

110 

88 

121 

105 

96 

5 

100 

112 

89 

121 

106 

96 

6 

103 

112-5 

91 

121 

107 

97-5 

7 

105-5 

114 

93 

121-5 

107-5 

98 

8 

108 

116-5 

95 

122 

108 

98-5 

9 

110-5 

117-5 

96 

122-5 

108-5 

99 

10 

112-5 

119 

97-5 

123 

109 

99 

11 

114-5 

120 

99 

124 

110-5 

100 

12 

116 

120-5 

101-5 

125 

112 

102 

13 

118 

121 

103 

126 

113 

103-5 

14 

120-5 

122 

105 

127 

113-5 

105 

15 

123 

122-5 

107 

128 

114-5 

106-5 

16 

123-5 

123-5 

109-5 

129 

116 

108 

17 

125 

125 

112 

130 

117 

109 

18 

126-5 

127 

114 

132 

119 

110 

19 

127 

129 

116 

134 

123 

112-5 

20 

128 

130 

118 

138 

125 

113 
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from  which  it  will  be  seen  that  there  is  a  wide  difference  in 
the  melting  points  between  the  lowest  and  highest  in  each 
product.  Assuming  that  the  crude  scale  is  simply  a 
mechanical  mixture  of  paraffins  of  various  melting  points,  it 
might  be  considered  that,  by  keeping  the  scale  for  some  time 
at  a  low  temperature,  the  lower  melting  point  paraffins 
would  be  melted  out,  leaving  the  higher  melting  point 
paraffins  behind.  This  is  really  the  case  within  certain 
limits,  and  processes  have  been  devised  taking  advantage  of 
this  fact;  these  processes  being  known  as  ''sweating" 
processes.  There  are  various  ways  of  carrying  out  a  sweating 
process  for  refining  paraffin  scale.  Among  those  which  have 
achieved  any  practical  success  are  the  following : — 

Tervet  employs  an  apparatus  (Figure  17)  which  consists 
of  two  portions  ;  the  upper  is  a  cooler  consisting  of  a  tall,  but 
narrow,  iron  cistern — in  this  the  paraffin  is  cooled  down.  It 
is  then  transferred  to  a  sweating  cell,  which  is  formed  of 
cloth  supported  by  wire  gauze.  This  cell  is  made  large 
enough  to  hold  three  blocks  of  paraffin  as  they  come  from 
the  coolers.  These  cells  are  placed  in  a  room,  which  can  be 
heated  to  any  desired  temperature  by  means  of  steam  pipes. 
Owing  to  the  heat,  the  oil  and  light  paraffins  in  the  block 
are  melted  out,  and  flow  away  through  suitable  pipes  to  a 
tank  placed  to  receive  them.  It  takes  about  four  hours  to 
sweat  out  the  oil,  etc.  Each  block  of  paraffin  passes  down 
into  each  division  of  the  sweating  cell,  and  as  it  passes  down 
is  subjected  to  a  higher  temperature,  so  that  at  each  stage  it 
gets  more  paraffin  of  low  melting  point  taken  out.  In  the 
first  two  cells  some  35  per  cent,  of  the  original  scale  or  wax 
will  be  taken  out,  while  in  the  third  cell  some  10  per  cent, 
more  is  taken  out.  The  process  can  be  regulated  with  great 
nicety.  From  a  scale  which  melts  at  from  112°  to  114°  F., 
a  wax  melting  at  126°  F.  can  be  readily  obtained.  The 
drippings  which  come  out  during  the  process  are  collected 
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and  subjected  to  a  cooling  and  a  second  sweating  at  rather 
lower  temperatures,  so  that  a  wax  of  lower  melting  point  is 
obtained ;  while  finally  all  the  oil  which  is  obtained  is  sent 


FIG.   17.  Paraffin  Scale  Apparatus. 

into  the  blue  oil  to  be  treated  along  with  that  material  for 
lubricating  oil. 

Henderson's  sweating  process  is  carried  out  by  placing 
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the  solidified  paraffin  in  metal  trays  in  a  warm  chamber, 
heated  by  steam  pipes  to  the  proper  degree ;  the  melted 
portions  or  drippings  run  out  of  apertures  at  the  end  of  the 
tray,  and  away  out  through  suitable  pipes.  By  careful 
regulation  of  the  temperature  of  the  chamber,  the  process 
may  be  carried  on  with  great  success,  and  wax  of  any  required 
melting  point  obtained. 

Usually  four  grades  of  wax  are  manufactured ;  the  best 
has  a  melting  point  of  120°  to  125°  F. ;  the  second  of  115°  to 
120°  F. ;  the  third  of  110°  to  115°  F. ;  and  the  fourth  of 
100°  F. 

The  proportion  of  the.  various  qualities  of  wax  which  are 
obtained  is  approximately  as  follows  :  10  per  cent,  of  100°  to 
110°  F.,  18  per  cent,  of  110°  to  115°  F.,  42  per  cent,  of  115°  to 
120°  F.,  and  29  per  cent,  of  120°  to  125°  F.  wax. 

Paraffin  wax  consists  of  the  higher  members  of  the 
paraffin  series  of  hydrocarbons.  By  a  series  of  fractional 
distillations  under  a  vacuum  it  is  possible  to  separate  the 
wax  into  fractions  of  different  boiling  points,  and  then  by 
crystallisation  from  alcohol  to  obtain  pure  products.  Work- 
ing in  this  way  Krafft  has  obtained,  from  a  crude  wax  melting 
at  86°  to  95°  F.,  the  following  series  of  hydrocarbons,  and 
determined  their  melting  point,  specific  gravity  and  boiling 
point  under  a  vacuum  of  about  half  an  inch  : — 


Paraffin. 

Formula. 

Melting 
Point. 

Boiling 
Point. 

Specific  Gravity 
at  the 
Melting  Point. 

Heptadecane     . 

CnHgg 

72°  F. 

338°  F. 

0-7767 

Octodecane  .     . 

C18H38 

82-5°  F. 

359°  F. 

0-7768 

Nonadecane 

^19^40 

89-5°  F. 

380°  F. 

0-7774 

Eicosane       .     . 

C20H49 

98-5°  F. 

401°  F. 

0-7779 

Heneicosane     . 

^21^44 

105°  F. 

419°  F. 

0-7783 

Docosane      .     . 

C^Hjg 

112°  F. 

436°  F. 

0-7784 

Tricosane      .     . 

^23-^48 

118°  F. 

453°  F. 

0-7785 

From  waxes  of  higher  melting  points,  it  is  obvious  that 
paraffins  still  higher  in  the  series  could  be  obtained.     Gellatly 
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has  isolated  a  paraffin  melting  at  176°  F.  from  wax,  and  Gill 
and  Meusel  have  obtained  cerotic  acid  by  oxidation  from  a 
wax  melting  at  133°  F.,  which  must  therefore  have  contained 
the  hydrocarbon  C27H56. 

Below  will  be  found  some  statistics  as  to  the   Scotch 
Paraffin  Oil  Industry,  and  the  products  which  are  obtained. 


STATISTICS  OF  THE  SCOTCH  SHALE  OIL  INDUSTEY. 
PKOGEESS  OF  THE  INDUSTRY. 


1871. 

1879. 

1887. 

1893. 

51  works. 

18  works. 

13  works. 

... 

Shale 

Tons. 
800,000 

Tons. 
850,000 

Tons. 

1    Q«Q  QAT) 

Tons. 
i  047  040 

_L,OUt7,OLAJ 

J.,i7:r  1  ,'  i  t  _ 

Gallons. 

Gallons. 

Gallons. 

Gallons. 

Crude  Oil  .... 

25,000,000 

29,000,000 

52,876,700 

48,696,341 

Naphtha  and  Burn- 

ing Oil  and  Gas     . 

11,250,000 

11,400,000 

21,680,000 

20,452,341 

Lubricating  Oil  .     . 

2,500,000 

5,000,000 

9,000,000 

8,765,289 

Tons. 

Tons. 

Tons. 

Tons. 

Paraffin,  Solid    .     . 

5,800 

9,200 

22,846 

19,130 

Sulphate      of      Am- 

monia      .... 

2,350 

4,750 

18,483 

28,000 

Capital  in  1879,  £1,300,000 ;  in  1887,  £2,000,000. 
B.  Irvine,  Journal  of  the  Society  of  Chemical  Industry,  1894,  p.  1039. 


YIELDS  OF  PRODUCTS  FROM  VARIOUS  CRUDE  SHALE  OILS. 


Product. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

Naphtha  .... 

2-00 

2-00 

2-00 

1-75 

1-55 

1-80 

Burning  Oil  .     .     . 

16-75 

35-00 

25-80 

32-75 

27-85 

34-10 

Oil  840-850    .     .     . 

3-75 

4-50 

4-60 

4-35 

4-50 

5-35 

Oil  865-868    .     .     . 

5-50 

6-00 

5-80 

6-15 

5-40 

6-20 

011885-890    .     .     . 

17-20 

12-40 

15-00 

10-15 

14-55 

3-60 

Bottoms    .... 

1-70 

... 

... 

Hard  Scale    .     .     . 

3-10 

10-70 

4-60 

5-14 

11-15 

8-95 

Soft  Scale      .     .     . 

1-50 

4-00 

2-20 

2-40 

5-40 

4-30 

Totals     .     . 

51-50 

74-60 

60-00 

62-69 

70-40 

64-30 

Mills,  Destructive  Distillation,  p.  42. 
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PRODUCTS  AND  YIELDS  FROM  SCOTCH  SHALE  OIL. 
Given  in  percentage  of  the  Crude  Oil. 


Products. 

Broxbourn. 

Young's. 

Gasoline 

00  -25 

Naphtha  
Burning  Oils  .  .  . 
Lubricating  Oils  .  . 
Wax  

5-00 

37-28 
17-40 
12-52 

5-75 
38-00 
14-50 

11-00 

Loss 

27-80 

30-50 

ash. 


ANALYSIS  OF  SHALE. 
Specific  gravity        .         .         1-877 
Moisture  at  220°  F.  2-54  per  cent. 

Volatile  matter  ....  23-53  „ 
Fixed  carbon  ....  12-69  ,, 
Ash  .  .  .  .  .  63-74  „ 

ASH  OF  SHALE. 

Soluble  in  water     .  8-27  per  cent. 

Silica,  Si02     .....      53-60 
Ferric  oxide,  Fe203         .         .        .      12-23       „ 
Alumina,  A1203       ....      22-14       ,, 

Lime,  CaO 1-55 

Magnesia,  MgO       ....       trace 
Sulphur 0-94       ,, 

The  soluble  portion  of  the  ash  contains  0-92  of  sulphur  trioxide,  S03. 

The  shale  contains  1-80  per  cent,  of  sulphur,  of  which  1-3  remains  in  the 

The  36-22  per  cent,  of  volatile  matter  and  carbon  contains : — 
Carbon        ....  25-27  per  cent. 
Hydrogen    ....     3'67 
Oxygen       ....     5-65       „ 
Nitrogen     .         .         .         .     1-14       „ 
Sulphur      ....     0-49       ,, 
THE  PERMANENT  GAS  FROM  SHALE. 


Composition. 

No.  1. 

No.  2. 

Carbon  Dioxide  .     . 
Carbon  Monoxide    . 
Hydrogen  .... 
Olefins   

23-00 
4-00 
13-40 
1-60 

20-70  per  cent. 
1-16       „ 
21-68       „ 
1-60 

Marsh  Gas      .     .     . 
Oxygen  
Nitrogen     .... 

19-70 
1-30 
37-00 

8-66       „ 
3-60       „ 
42-60       „ 

CHAPTER  IV. 

PETROLEUM. 

PETROLEUM,  which  word  is  derived  from  two  Greek  words — 
petros,  a  rock,  and  oleum,  oil ;  in  other  words,  rock-oil — has 
long  been  known.  It  is  found  very,  widely  diffused  through- 
out the  earth,  in  small  quantities  in  some  places,  in  extra- 
ordinary abundance  in  others.  In  some  localities  it  has 
been  known  for  centuries.  At  Zante,  in  the  Ionian  Isles, 
petroleum  was  found  and  was  referred  to  by  Herodotus, 
who  flourished  about  430  B.C.  This  deposit  of  petroleum  is 
used  even  now  locally.  It  is  found  in  some  quantity  in 
Sicily;  of  this  Plato  makes  mention.  At  Ecbatana,  in 
Persia,  petroleum  is  found,  and  of  this  Plato  mentions  that 
he  saw  it  on  fire.  In  France  the  deposit  which  occurs  at 
Clermont  and  Glebian,  in  the  department  of  Languedoc, 
has  been  known  and  used  for  centuries.  The  deposits  of 
liquid  naphtha  near  Baku,  on  the  shores  of  the  Caspian  Sea, 
have  been  known  for  a  long  period,  but  it  is  only  during 
recent  years  that  their  extraordinary  abundance  has  been 
known  and  developed.  The  deposits  of  petroleum  in  Bur- 
mah  have  been  known  for  centuries,  and  formed  the  first 
source  of  petroleum  imported  into  this  country.  The  impor- 
tation was  however  soon  stopped  in  consequence  of  the 
much  greater  supply  at  cheaper  rates  from  America.  In 
England  petroleum  has  been  found  in  small  quantities  in 

many  localities.     In  1847  a  supply  was  found  at  Alfreton,  in 
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Derbyshire,  by  Dr.  Lyon  Playfair,  and  was  worked  for  a 
short  time  by  James  Young,  of  Scotch  paraffin  fame.  At 
Ormskirk,  in  Lancashire,  and  in  the  coal  mines  in  Northum- 
berland, petroleum  is  to  be  found  in  exceedingly  small 
deposits.  Elaterite,  a  peculiar  mineral  found  in  an  ancient 
lead  mine  in  Derbyshire,  is  closely  allied  to  petroleum  in  its 
composition.  In  Gloucestershire  there  are  deposits  of  petro- 
leum which  are  used  locally.  In  California  and  Canada 
deposits  of  no  small  extent  are  met  with.  In  the  Argentine 
Republic,  at  Jujuy  and  Mandese,  are  lakes  of  asphalt,  which 
is  closely  allied  to  petroleum ;  while  in  Trinidad  is  a  cele- 
brated pitch  lake  of  some  99  acres  in  extent.  The  rise  of 
the  modern  development  in  the  use  of  petroleum  may  be 
ascribed  to  the  discovery  in  North  America  by  Colonel 
Drake,  in  1858,  of  the  rich  American  deposits ;  although 
prior  to  this  the  American  Indians  were  acquainted  with  the 
use  of  seneca  oil  (crude  petroleum)  and  used  it  chiefly  for 
medicinal  purposes.  Since  the  discovery,  the  American 
petroleum  industry  has  gone  up  by  leaps  and  bounds,  and 
now  oil  wells  are  met  with  over  a  fairly  large  extent  of  the 
United  States — in  Kentucky,  New  York,  Michigan,  Indiana, 
Tennessee,  Colorado — the  principal  regions  being  Ohio  and 
Pennsylvania. 

The  commercial  petroleum  oils  met  with  in  this  country 
come  almost  exclusively  from  two  sources,  North  America 
and  the  Caspian  Sea,  and  it  is  chiefly  these  oils  that  will  be 
dealt  with  in  this  work.  Brief  references  may  however  be 
made  to  other  varieties  of  petroleum. 

GEOLOGY  OF  PETROLEUM. 

Comparatively  little  is  known  concerning  the  conditions 
of  formation  and  of  the  character  of  the  rocks  in  which 
petroleum  is  found.  In  different  localities  even  in  America 
much  is  yet  to  be  learnt  concerning  the  age  of  the  rocks  and 
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the  manner  and  formation  of  petroleum.  So  far  as  is  known 
at  the  present  time,  petroleum  is  found  in  rocks  of  very 
different  geological  periods  of  time.  In  this  respect  it 
appears  to  differ  materially  from  coal,  which  is  found  only 
in  rocks  of  the  carboniferous  period.  There  are  even 
reasons  for  thinking  that  the  present  deposits  of  petroleum 
have  not  been  formed  in  situ,  but  have  filtered  from  other 
localities  into  the  present  position  of  the  deposits. 

The  general  rule  in  Pennsylvania,  New  York,  Ohio, 
Indiana  and  Canada  is  that  they  are  stored  in  porous  sand- 
stones or  limestones  where  the  rocks  have  been  gently 
folded  into  anticlinal  ridges,  or  where,  if  there  is  a  small  and 
general  dip  of  the  strata,  the  dip  is  for  a  space  interrupted, 
forming  a  shelf  of  more  nearly  horizontal  rock,  after  which 
the  strata  resume  their  normal  gentle  dip. 

If  we  trace  out  the  underground  range  of  these  petro- 
leum-bearing beds  beyond  the  areas  in  which  they  are  now 
productive,  we  find  that  they  rise  towards  the  surface  and 
actually  crop  out  there,  but  the  gas  and  oil  which  they  may 
have  once  contained  at  that  out-crop  have  long  since  been 
lost.  Like  other  porous  rocks  in  such  areas,  they  now  con- 
tain water.  It  is  the  pressure  of  the  water  from  the  out- 
crop and  the  higher  areas  of  the  porous  rock  acting  along 
and  down  the  dip  which  accounts  for  the  pressure  which  is 
met  with  in  the  gas  and  petroleum  wells  within  the  produc- 
tive areas.  When  the  porous  bed  containing  gas  or  petro- 
leum is  tapped  by  a  borehole,  the  contents  are  forced  up  by 
the  pressure  of  the  water  from  the  out-crop,  and  the  pressure 
depends  upon  the  relation  between  the  level  of  the  out-crop 
and  the  point  at  which  the  porous  bed  is  tapped.  In  fact, 
the  condition  of  things  somewhat  resembles  that  so  well 
known  in  the  case  of  artesian  wells. 

Every  richly  productive  gas  field,  at  least  in  the  eastern 
States  and  Canada,  is  a  dome  or  inverted  trough  formed  by 
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flexure  of  the  rocky  strata ;  and  in  every  such  dome  or  in- 
verted trough  there  is  a  porous  stratum  (sandstone  in  Penn- 
sylvania and  coarse-grained  magnesian  sandstone  in  Ohio 
and  Indiana)  overlain  by  impervious  shales.  These  domes 
or  arches  vary  in  size,  from  a  few  square  miles  in  some  of  the 
Pennsylvanian  areas  to  2,600  square  miles  in  the  great  Indiana 
field.  Within  each  gas-charged  dome  there  are  found  three 
or  more  substances  arranged  in  the  order  of  their  weight : 
gas  on  the  top,  naphtha  (if  it  exists  on  the  field)  and  petro- 
leum below,  and  finally  water,  which  is  generally  salt,  and 
which  sometimes  has  a  strong  and  peculiar,  bitter  taste.  This 
order  is  invariable  throughout  each  field,  whatever  its  area, 
although  in  Indiana  at  least  the  oils  are  found  more  abun- 
dantly about  the  springing  of  each  arch,  while  towards  its 
crown  gas  immediately  overlies  brine,  and  the  absolute  alti- 
tude of  the  summit-level  of  each  substance  is  generally  uni- 
form, whatever  the  depth  beneath  the  surface.  Since  the 
volume  of  gas  or  oil  accumulated  in  any  field  evidently  de- 
pends on  the  area  and  height  of  the  dome  in  which  it  is 
confined,  and  upon  the  porosity  and  thickness  of  rock  in 
which  it  is  contained,  the  productiveness  of  a  given  find  may 
be  definitely  predicted  after  the  structure  and  texture  of  the 
rocks  have  been  ascertained. 

In  all  productive  fields  the  gas  and  oil  are  confined  under 
greater  or  less  pressure.  When  a  gas  well  is  closed,  it  is 
commonly  found  that  the  pressure  at  the  well  head  gradually 
increases  through  a  period  varying  from  a  few  seconds  in  the 
largest  wells  to  several  minutes  or  even  hours  in  wells  of 
feeble  flow,  and  after  that  the  pressure  gauge  becomes  sta- 
tionary. This  is  the  confined  pressure,  "  closed  pressure," 
or  "  rock  pressure  "  of  the  prospector,  or  more  properly  the 
static  pressure.  When  a  well  is  open  and  the  gas  escapes 
freely  into  the  air,  it  is  found  that  if  the  stem  of  a  mercurial 
or  steam  gauge  is  introduced  a  certain  constant  pressure  is 
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indicated.  This  is  the  "  open  pressure  "  or  "  flow  pressure  " 
of  the  gas  expert,  and  the  capacity  of  the  well  may  be  de- 
termined from  it.  The  static  pressure  varies  in  different 
fields.  In  Indiana  it  ranges  from  300  to  350  Ibs.  per  square 
inch,  in  the  Findlay  field  it  is  from  450  to  500  Ibs.,  and  in 
the  Pennsylvania  field  it  varies  from  500  to  900  Ibs. 

The  cause  of  this  enormous  pressure  is  readily  seen  in 
Indiana.  The  Cincinnati  arch  (in  which  the  gas  of  the  great 
Indiana  field  is  accumulated)  is  substantially  a  dome,  about 
50  miles  across,  rising  in  the  centre  of  a  stratigraphic  basin 
fully  500  miles  in  average  diameter.  Throughout  this  im- 
mense basin  the  waters  falling  on  the  surface  are  in  part 
absorbed  into  the  rocks  and  conveyed  towards  its  centre, 
where  a  strong  artesian  flow  of  water  would  prevail  were  the 
difference  in  altitude  greater ;  and  the  light  hydrocarbons 
floating  upon  the  surface  of  this  ground  water  are  driven  into^ 
the  dome  and  there  subjected  to  hydrostatic  pressure  equal 
to  the  weight  of  a  column  of  water,  whose  height  is  the 
difference  in  altitude  between  the  Water  surface  within  the 
dome  and  the  land  surface  of  the  catchment  area  about  the 
rim  of  the  enclosing  basin.  Accordingly  the  static  pressure 
is  independent  of  the  absolute  altitude  of  the  gas  rock  and  of 
its  depth  beneath  the  surface,  except  in  so  far  as  these  are 
involved  in  the  relative  altitudes  of  the  gas  rock  and  a  catch- 
ment area  perhaps  scores  or  even  hundreds  of  miles  distant. 
Gas  pressure  and  oil  pressure  may  therefore  be  estimated  in 
any  given  case  as  readily  and  reliably  as  artesian  water 
pressure  ;  but  while  the  water  pressure  is  measured  approxi- 
mately by  the  difference  in  altitude  between  catchment  area, 
and  well  head,  that  of  gas  is  measured  approximately  by  the 
difference  in  altitude  between  catchment  area  and  gas  rock, 
and  that  of  oil  is  measured  by  the  same  difference  minus  the 
weight  of  a  column  of  oil  equal  to  the  depth  of  the  welL 
It  follows  that  the  static  pressure  of  gas  (as  indicated  on  the 
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surface)  is  always  greater  than  that  of  oil,  particularly  in 
deep  wells.  It  follows  also  that  the  pressure,  whether  of  gas 
or  of  oil,  is  not  only  constant  throughout  each  field,  but 
diminishes  but  slightly,  if  at  all,  on  the  tapping  of  the  reser- 
voir, until  the  supply  is  exhausted,  and  hence  that  pressure 
is  no  indication  of  either  abundance  or  permanence  of 
supply. 

The  early  history  of  Canadian  petroleum  is  of  some 
interest  to  us,  inasmuch  as  Dr.  T.  Sterry  Hunt,  who  has 
studied  the  subject,  was  perhaps  the  first  geologist  who 
clearly  understood  the  true  geological  history  of  American 
petroleum.  He  showed  (1)  that  the  oil  was  produced  in  or 
near  to  the  beds  in  which  it  is  found  by  the  decomposition 
of  the  vegetable  or  animal  remains ;  (2)  that  the  porosity  of 
the  sandstones  or  limestones  is  sufficient  to  account  for  the 
great  stores  of  petroleum  which  they  contain  ;  (3)  that  petro- 
leum and  gas  mainly  occur  along  anticlinal  lines. 

The  comparatively  simple  structure  of  the  petroleum 
region  here  described  does  not  obtain  all  over  the  world. 
Often  the  strata  in  which  oil  occurs  dip  at  right  angles,  or 
they  have  been  very  sharply  folded  and  broken,  the  denuded 
edges  of  the  petroleum-bearing  bed  being  exposed  at  the 
surface.  In  such  cases  the  yield  of  wells  is  comparatively 
small,  there  being  little  or  no  artesian  pressure  to  force  up 
the  oil.  Such  regions  rarely  now  contain  much  gas. 

Although  there  is  much  variety  of  geological  structure 
in  the  petroleum-bearing  regions,  we  find  that  there  is 
frequently  an  anticlinal  arrangement  of  the  strata,  the  oil 
coming  up  along  the  arch. 

The  following  is  a  synopsis  of  the  different  shales  and 
rocks  which  furnish  the  oil  supply  of  North  America : — 

1.  The  black  shales  of   the  Cincinnati  group  afford   oil 
which  accumulates  in  the  fissured  stony  limestones 
of  the  same  group,   and   supplies   the   Burkesville 
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region    of     Southern    Kentucky    and    Manitoulin 
Island,  in  Lake  Huron. 

2.*:The  Marcellus  shale  affords  most  of  the  petroleum 
which  accumulates  in  the  fissured  shaly  limestones 
of  the  Hamilton  group,  and  thus  supplies  the  On- 
tario oil  region,  locally  divided  into  the  Bothwell 
District,  the  Oil  Springs  District  and  the  Petrolea 
District.  The  Marcellus  shale  also  affords  a  large 
portion  of  the  oil  which  accumulates  in  the  drift 
gravel  of  the  Ontario  region. 

3.  The  G-ennessee  shale,  with  perhaps  some  contributions 
from  the  Marcellus  shale,  affords  oil  which  accumu- 
lates in  cavities  and  fissures  within  itself  in  some 
of  the  Glasgow  regions  of  Southern  Kentucky.  It 
affords  also  the  oil  which  accumulates  in  the  sand- 
stones of  the  Portage  and  Chemung  groups  in 
North-western  Pennsylvania  and  contiguous  parts 
of  Ohio.  It  affords  also  the  oil  which  accumulates 
in  the  sandstones  of  the  Waverly  Marshall  group 
in  Central  Ohio.  It  affords  also  that  which  ac- 
cumulates in  the  mountain  limestone  of  the  Glas- 
gow region  of  Kentucky  and  contiguous  parts  of 
Tennessee,  and  also  some  of  that  which  is  found  in 
the  drift  gravel  of  the  Ontario  region. 
4..~=The  shaly  coals  of  the  false  coal  measures,  aided  per- 
haps by  the  Gennessee  and  Marcellus  shales,  seem 
to  afford  the  oil  which  assembles  in  the  coal  con- 
glomerate, as  worked  in  South-western  Pennsyl- 
vania, West  Virginia,  Southern  Ohio,  and  the 
contiguous  but  comparatively  barren  region  of 
Paint  Creek  in  Kentucky. 

From  this  summary  it  appears  that  the  principal  sup- 
plies of  petroleum  east  of  the  Rocky  Mountains  have  been 
generated  in  four  different  formations,  accumulated  in 
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nine  different  formations,  and  worked  in  nine  different 
districts. 

The  oil  rocks  of  America  belong  chiefly  to  two  periods — 
Devonian  and  Silurian — but  some  belong  to  the  Cretaceous 
period. 

In  Canada  the  Corniferous  Limestone  of  the  Lower 
Devonian  period  is  the  source  of  the  greatest  proportion  of 
the  oil  of  Canadian  origin. 

In  Egypt  petroleum  is  found  at  Jebel  Zeit,  on  the  western 
border  of  the  Bed  Sea,  on  Tertiary  Strata,  dipping  from  the 
range  of  older  rocks  which  form  the  high  ground  of  the 
desert. 

In  India  petroleum  is  found  in  the  Middle  or  Lower  Ter- 
tiary rock  along  the  flanks  of  the  Himalayas. 

In  Burmah  the  oil  is  found  in  the  Upper  Tertiary  Strata 
in  soft  sandy  beds  and  covered  by  a.  blue  clay  situated  on 
the  top  of  an  anticline. 

The  Baku  District  of  the  Caucasus  is  notable  for  its  pro- 
ductiveness, and  the  rocks  yielding  the  petroleum  are  found 
as  the  crown  of  the  low  anticlinal,  which  is  probably  the 
eastern  continuation  of  the  great  Caucasian  anticlinal. 

The  oil  is  found  in  various  layers  of  sand,  separated  by 
clay,  etc.  The  surface  is  occupied  by  loose  sand,  while  the 
rocks  below  belong  to  the  Later  Tertiary  period,  while  lower 
still  the  rocks  belong  to  the  Cretaceous  and  Jurassic  ages. 

In  Eoumania  petroleum  oil  is  found  in  the  clays  and 
sandstones  of  the  "  Paludine  beds  "  of  the  Miocene  age. 

In  Galicia  petroleum  is  found  in  the  rocks  of  the  Lower 
Eocene  age  and  also  in  smaller  quantity  in  the  Upper  Creta- 
ceous rocks.  The  rocks  are  slightly  inclined,  the  oil  being 
chiefly  found  along  anticlinals. 

In  Hanover  and  other  parts  of  Germany  petroleum 
occurs  in  the  G-ault  beds  of  the  Jurassic  period  and  also  in 
rocks  of  the  Triassic  age. 
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ORIGIN  OF  PETROLEUM. 

Many  theories  have  been  put  forward  to  account  for  the 
existence  and  formation  of  petroleum.  Of  these  but  a  brief 
notice  will  be  given. 

Some  geologists  consider  that  it  has  been  formed  from 
deposits  of  sea-weeds,  arguing  from  the  fact  that  it  is  often 
found  in  limestone  rocks,  which  contain  the  remains  of 
ocean  life.  From  the  marine  plants  the  petroleum  has  been 
formed  much  in  the  same  way  as  coal  has  been  formed  from 
the  remains  of  land  plants. 

Berthelot  has  promulgated  a  very  different  theory.  He 
considers  that  in  the  interior  of  the  earth  alkali  metals  are 
present  in  the  free  condition ;  these  acted  on  by  carbonic 
acid  give  rise  to  acetyledes,  which  when  subjected  to  the 
action  of  water  give  rise  to  the  formation  of  hydrocarbons. 
The  objection  to  this  theory  is  that  geologists  do  not  find 
the  conditions  required  by  M.  Berthelot  to  be  present  in  the 
oil  regions. 

Hofer  has  put  forward  the  theory  that  petroleum  is 
formed  by  the  decomposition  of  animal  remains.  Engler 
has  lately  shown  that  from  animal  fats,  free  from  nitrogen, 
petroleum  can  be  obtained.  He  also  points  out  that  the 
absence  of  nitrogenous  products  from  petroleum  is  an  argu- 
ment in  favour  of  the  theory,  because  the  nitrogen  would 
yield  products  which  are  insoluble  and  would  be  washed  away, 
while  the  non-nitrogenous  fatty  portions  are  much  more 
stable  bodies.  It  may  be  pointed  out  that  the  gases  that  are 
found  present  in  all  oil  regions  contain  large  quantities  of 
nitrogen  with  very  little  oxygen ;  this  nitrogen  may  have 
been  formed  by  the  decomposition  of  animal  matter  in  a 
peculiar  manner.  This  theory  of  the  origin  of  petroleum 
seems  to  be  far  the  most  reasonable. 
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CHEMISTRY  OF  PETROLEUM. 

Petroleum  is  essentially  a  hydrocarbon  body  of  a  most 
complex  composition,  which  varies  very  greatly  in  the  petro- 
leums obtained  from  various  localities. 

While  carbon  and  hydrogen  are  the  essential  constitu- 
ents, other  elements  are  often  present ;  those  which  are 
most  commonly  present  being  nitrogen,  oxygen  and  sulphur, 
while  gold  and  arsenic  have  been  found  in  small  quantities. 

The  presence  of  sulphur  beyond  a  small  percentage  is  a 
serious  disadvantage,  owing  to  a  decomposing  action  it  has 
on  the  petroleum,  giving  rise  to  the  formation  of  objection- 
able products  which  increase  the  cost  of  refining  very 
greatly.  The  petroleums  from  the  Lima,  Ohio  field,  from 
Canada  and  California,  are  notable  on  account  of  the  sul- 
phur they  contain. 

Schorlemmer,  in  England,  and  Cahours,  in  France,  have 
analysed  American  petroleum.  The  results  obtained  by 
Schorlemmer  indicated  the  presence  of  the  same  hydrocar- 
bons which  are  obtained  by  the  distillation  of  the  cannel  coal, 
while  Pelouze  and  Cahours  showed  that  the  distillates  were 
all  homologues  of  methane,  or  marsh  gas,  and  belong  to 
the  series  of  hydrocarbons  represented  by  the  formula 
CnH2n  -I-  2. 

Pelouze  and  Cahours  obtained  from  American  petroleum 
the  following  compounds  : — 


C2H6 
C3H8 
C4H10 
C5H12 

C6H14 
C7H16 
C8H18 


Gas 

>» 
Specific  Gravity,  -600 

•628 

•669 

•699,  Boiling  Point,  92°  C. 

•726,  116 


C10H22  • 

CUH24  . 


•741, 
•757, 
•766, 
•776, 
•792, 


136 
160 
180 
200 

218 
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Mabery  (Journal  of  the  Society  of  Chemical  Industry,  1900, 
p.  502)  has  isolated  from  Pennsylvania  petroleum  the  follow- 
ing hydrocarbons  : — 


int,  225°-226°  C. 
237°-238°  C. 
256°-257°  C. 
274°-275°  C. 
288°-289°  C. 
300°-301°  C. 
316°  C. 

C^HSO 

C26H54 

From  California  petroleum  Mabery  has  separated  out  the 
naphthenes  : — 


C7H14 
C8H16 
C9H18 


C12H24 


Boiling  Point,  96°-97°  C. 

118°-119°  C. 
135°  C. 
162°  C. 
196°  C. 
216°  C. 


which  show  that  this  petroleum  resembles  Russian  rather 
than  Pennsylvanian  petroleum  in  its  composition. 

About  the  same  time  that  Cahours'  investigations  were 
being  made  in  France,  Mr.  C.  M.  Warren  was  making  an  ex- 
haustive examination  in  America.  In  some  respects  they  were 
confirmatory.  He  discovered  the  same  compounds  belonging 
to  the  CnH2n  +  2  series.  In  all  he  succeeded  in  isolating 
fourteen  different  compounds  in  considerable  quantities, 
sufficiently  pure  to  allow  of  the  separate  distillation  of  them 
without  any  material  change  in  the  boiling  point.  These 
fourteen  compounds  he  classifies  as  follows  :  — 
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FIRST  SERIES. 

SECOND  SERIES. 

THIRD  SERIES. 

Formula. 

Boiling  Point. 

Formula. 

Boiling  Point. 

Formula. 

Boiling  Point. 

C4H10 

0. 

C4H10 

°C 
8-9 

C10H20 

174:9 

C5H1Q 

30-2 

C  H12 

37-0 

GU'H.22 

185-8 

C  HI  , 

61-3 

C6H14 

68-5 

C12H24 

216-2 

C,H16 

90-4 

C7H16 

98-1 

119-5 

127-6 

C9HM 

150-8 

It  will  be  noticed  that  the  compounds  included  in  the 
third  series  do  not  belong  to  the  normal  paraffin  series 
represented  by  the  formula  CnH2n  +  2,  but  to  another 
group  of  hydrocarbons  represented  by  the  formula  CnH2n. 
This  is  known  as  the  ethene  series  or  olefins. 

Messrs.  Warren  and  Storer  have  also  examined  Rangoon 
petroleum,  in  which  they  discovered  a  number  of  compounds 
of  the  olefin  series.  The  following  is  a  list  of  the  com- 
pounds with  their  respective  formulae  and  boiling  points 
obtained  from  Rangoon  petroleum  : — 

Kuthylene,  C^H^     ....  Boiling  Point,  175°  C. 
Margarylene,  Cnli^          .         .         .  ,,  „       195 

Laurylene,  C^H^     ....  „  „       215 

Cocinylene,  C^H^    ....  „  „       235 

Naphthalene,  C10H8          .         .         .  ,,  ,, 

Also  probably  pelargonene  (C9H18),  boiling  at  155°,  and 
members  of  one  or  both  the  series  of  hydrocarbons 
(paraffins  and  olefins)  that  petroleum  contains,  hydrocarbons 
of  more  than  one  series.  The  American  variety  is  almost 
entirely  composed  of  the  series  represented  by  formula 
CnH.2n  -f  2,  while  the  Rangoon,  the  Caucasian  and  Galician 
varieties  contain  both  series  ;  the  olefins  in  notable  quantity. 
As  we  approach  the  denser  constituents  of  petroleum,  the 
analysis  becomes  more  difficult,  and  the  divergency  between 
the  results  of  different  observers  is  more  apparent.  It  is  now 
thought  that  paraffin,  which  was  supposed  to  be  a  homo- 
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geneous  body,  is  a  mixture  of  several  homologues,  perhaps 
isomeric  bodies  having  similar  properties,  but  different 
boiling  points. 

Professor  Henry  Morton,  of  the  Stevens  Institute  of 
Technology,  has  made  some  interesting  experiments  upon 
the  "residuum"  of  the  distillation  of  petroleum.  Among 
other  substances  he  isolated  a  compound  to  which  he  gave 
the  name  of  "  viridine  ".  He  thus  speaks  of  it  in  his  paper  : 
"  The  crude  tarry  matter  is  well  washed  with  benzine 
(petroleum  naphtha),  then  with  alcohol,  and  is  lastly  dissolved 
in  coal  tar  naphtha  (benzole),  filtered  hot  and  crystallised 
out  on  cooling.  It  is  then  obtained  as  a  mass  of  very  minute 
needle-like  crystals  of  a  greenish-yellow  colour  and  pearly 
lustre  in  the  mass.  This  I  described  under  the  name  of 
viridine  in  a  paper  read  before  the  American  Institute  in 
New  York,  and  drew  attention  to  the  remarkable  spectrum 
which  its  fluorescent  light  yielded,  and  which  resembled  in  a 
striking  manner  that  of  anthracene,  which  the  crystalline 
forms,  solubility  and  fusing  points  of  the  two  bodies  were 
decidedly  unlike."  Professor  Morton  also  expresses  his 
belief  that  the  substance  does  not  "  exist  ready  formed  in  the 
petroleum,  or  even  in  the  petroleum  tar,  but  is,  like  anthra- 
cene, for  example,  a  product  of  destructive  distillation  at 
something  like  red  heat  ". 

Russian  petroleum  differs  markedly  from  American  petro- 
leum in  its  chemical  composition.  It  contains  a  few  of  the 
lower  paraffin  hydrocarbons,  no  solid  paraffins,  no  olefins. 
The  characteristic  hydrocarbons  of  Russian  petroleum 
belong  to  a  series  which  are  isomeric  with  the  olefins, 
and  having  the  same  general  formula,  but  differing  in 
their  constitution  and  properties.  These  have  been  named 
the  naphthenes.  They  are  allied  to  some  extent  with  the 
hydrocarbons  of  coal  tar.  The  lowest  member  of  the  series 
is  the  hexanaphthene,  C6H12,  which  may  be  regarded  as 
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hexahydrobenzene.    The  following  table  gives  the  naphthenes 
that  are  already  known  : — 

TABLE  OF  NAPHTHENES. 


Formula. 


Formation  and  Occurrence. 

( Hexahydrobenzene . 
1  Russian  Naphtha     . 
j  Hexahydrotoluene  . 
-|  Russian  Naphtha     . 
[_Distilling  Rosin 
fHexahydroxylene     . 
J  Russian  Naphtha     . 
(^ Rosin  Spirit 
fHexahydromesitylene 
I  Hexahydropseudocuniene 
j  Russian  Naphtha     . 
l^Hexahydropropylbenzene 
f  Dodekahydronaphthalene 

Naphtha  .... 

Naphtha  .... 

From  Menthene 

,,      Terpene  Hydrate   . 
,,      Camphor 

Tetrahydroterpene  .     '   . 

From  Naphtha 


B.P. 
69 


Spec.  Gravity. 
•7539 


C14H28 


97 

•772 

95-98 

•742 

115-120 

•777 

122-124 

•7885 

120-123 

•764 

135-138 

135-138 

•7812 

135-136 

•7808 

140-142 

•7811 

153-158 

•808 

160-162 

•7808 

168-170 

•814 

168-170 

•797 

168-170 

•797 

167-169 

•8114 

162-167 

•806 

179-181 

•8019 

197 

•8120 

240-241 

•8215 

246-248 

•821 

Mabery  (Journal  of  the  Society  of  Chemical  Industry,  1900,  p.  503)  has 
isolated  naphthenes  from  Calif ornian  petroleum  (see  p.  86). 

The  characteristic  features  have  already  been  described. 
See  pp.  20  to  22. 

The  properties  and  constituents  of  crude  petroleum  vary 
very  considerably.  Some  are  almost  colourless,  limpid 
liquids  of  low  specific  gravities  ;  others  are  heavy,  dark-look- 
ing oils,  while  the  crude  ozokerite  represents  the  extreme 
•end  of  the  scale  by  being  a  dark  solid  body.  Variations  are 
even  met  with  in  contiguous  or  adjacent  wells — especially  is 
this  the  case  in  the  Caucasian  oil  fields. 

Commercial  petroleum  oil  is  refined  into  four  chief 
products  : — 
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1.  Naphthas,    light    limpid    liquids,    used    chiefly    as 

solvents  for  various  purposes. 

2.  Burning  oils,  liquids  varying  in  specific  gravity  from 

0'805  to  0*830,  used  for  illuminating  purposes. 

3.  Lubricating  oils  of  various  grades. 

4.  Solid  paraffins  largely  employed  in  candle-making. 

The  proportion  of  these  various  groups,  obtained 
from  the  crude  material,  varies  with  different 
varieties  of  petroleum. 

The   following   details   concerning   the  appearance    and: 
composition  of  various  petroleums  are  of  interest : — 

COMPOSITION  OF  CRUDE  PETROLEUM. 
1.  Rangoon  Oil.     Specific  Gravity,  0-885. 

Illuminating  Oil— Specific  Gravity,  0-830  .  40-705  per  cent.. 

Lubricating  Oil 40-999 

Paraffin  M.P.,  60°  C 6'071 

Tar 4-605 

Gas,  and  Loss 7'62 

2.  Enniskillen.     Canada.     Dark  Brown. 

Naphtha— Specific  Gravity,  0'794     .  .     20  per  cent.. 

Illuminating  Oil,  0-837 50 

Lubricating  Oil  and  Paraffin     .         .         .         .22         ,, 

Tar 5        ,, 

Carbon 1         ,, 

Loss .         .         .2 

3.  California.     Blackish.     Specific  Gravity,  0-927. 

Illuminating  Oil,  0-813 38  per  cent- 

Lubricating  Oil,  0-921 48 

Pitch 10 

Water 4 

4.  Barbadoes  Tar. 

Water 5  per  cent.. 

Crude  Oil,  0-912 50 

Gave  80  per  cent,  of  Pale  Sweet  Oil,  0-908. 

Crude  Oil,  0-927 40 

Gave  60  per  cent.  Dark  Oil,  0-918. 

Coke     '  5 
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5.  Pennsylvania.     Dark  greenish,  strong  but  not  unpleasant  odour. 
Specific  Gravity,  0-802. 

Naphtha,  0-735 

Burning,  0-820         ..... 
Lubricating  Oil        .         .         .         .         . 

Paraffin 

Coke         .         .         .         .         . 

Loss 

Canada.    Dark  brown,  odour  strong  alliaceous. 

Naphtha,  0-735 

Burning,  0-820 

Lubricating  Oil 

Paraffin  .         .         .         . 

Coke 

Loss 


.  14-7  per  cent. 

.  41-0 

.  39-4 

.       2-0 

.       2-1 

.       0-8 

Specific  Gravity,  0-823. 

.     12-5  per  cent. 
.     35-8 
•     43-7         „ 
.       3-0         „ 
3-2 


7.  Tarentum,  Pennsylvania.     Dark  greenish,  faint  pleasant  odour. 


Specific  Gravity,  0-820. 


Naphtha,  0-723 
Burning,  0-820 
Lubricating  Oil 
Paraffin  . 
Coke 
Loss 

8.  Argentine.     Jujuy  Lake, 


4-3  per  cent. 

44-2 

45-7 

2-7 

2-2 

0-9 

acres.     Liquid,  thick,  black,  no  disagreeable 
odour. 


Naphtha,  150°  C.,  0-740 
Kerosene,  280°  C.,  0-830 
Heavy  Oils,  900 
Coke  . 


16  per  cent. 

34 

80 

10 


The  following  table  also  shows  the  difference  in  composi- 
tion of  various  petroleums  in  another  form.  The  portion 
distilling  below  150°  C.  may  be  classed  as  "naphtha,"  that 
between  150°  C.  and  300°  C.  as  "burning  oil,"  that  over  as 
"  lubricating  oil". 
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COMPOSITION  OF  CRUDE  PETROLEUMS. 


District,  Colour,  Specific  Gravity. 

Commence 
to  Boil 
0°C. 

Up  to  150° 
per 
Cent,  of 
Vol. 

150° 
to 
300°  C. 

Over 
300°  C. 

Pennsylvania    0'8175 

82-0 

21-0 

38-25 

40-75 

Pennsylvania,  0-8010     

74-0 

31-5 

35-0 

33-5 

Galicia  (Sloboda),  0-8235  .... 
Galicia    (Klanczany),   189    Meters, 
light  colour;  Transparent,  0'779, 
containing  Paraffin     

90-0 

26-5 
43-5 

47-0 
33-5 

26-5 

22-85 

Galicia  (Klanczany),  57  Meters,  dark 
colour  ;  Opaque,  0-870,  no  Paraffin 
Baku  (Bibreybat),  0*889      .... 
Baku  (Balakhan),  0-871      .... 
Alsace  (Pechtlbrunn),  0-9075  .     .     . 
Hanover  (Olhheim),  0-899  .     .     .     . 
Baku    (Surukhanch),  0-780,   amber 
colour        .... 

91-0 
105-0 
135-0 
170-0 

3-4 
23-0 
85-0 
3-0 

50-0 

38-6 
38-0 
39-5 
50-0 
32-0 

45-0 

54-5 
39-0 
52-0 
47-0 
68-0 

Baku  (Ilsky)  0-853    

20-0 

40-0 

30-0 

EXTRACTION  OF  PETROLEUM. 

Although  petroleum  makes  its  appearance  here  and  there 
on  the  surface,  yet  such  surface  deposits  are  of  very  small 
extent,  and  do  not  count  for  much  in  the  world's  production 
of  this  valuable  article.  The  petroleum  of  commerce  is 
obtained  from  a  kind  of  artesian  well,  bored  down  to  the 
rocky  layers  in  which  the  petroleum  is  stored.  When  the 
petroleum  well,  as  it  is  called,  is  to  be  dug,  a  pyramidical 
frame  of  wood  of  suitable  height  is  built  over  the  side  of  the 
well;  this  is  termed  the  "derrick"  (see  Figure  18),  and  its 
object  is  to  support  the  boring  tools  and  the  machinery  for 
boring  the  well.  The  well  is  drilled  by  suitable  boring  tools, 
and  as  the  boring  progresses  an  iron  tube  is  sent  down  into 
the  well,  and  it  is  through  this  iron  tube  that  the  petroleum 
flows  out  (see  Figure  19).  Very  often  the  force  in  which 
petroleum  is  stored  in  the  oil  sands  and  rocks  is  so  great  as 
to  cause  the  oil  to  flow  out  of  the  tube  and  often  rise  to  a 
very  considerable  height  above  the  surface  of  the  ground. 
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Cases  are  on  record  both  in  America  and  Russia  where  the 
force  has  been  so  great  that  it  has  been  found  almost  im- 


FIG.  18.  Oil  Well  Derrick. 


possible  to  control  it,  and  vast  quantities  of  petroleum  have 
been  run  to  waste.     Accompanying  the  flow  of  oil,  there  is. 
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always  a  large  quantity  of  gas,  some , water  and  loose  sand, 

for  usually  the  deposits  or  rocks  in  which  the  oil  is  found 

are  of  a  loose  sandy  nature.     The  crude 

(oil  as  it  comes  from  the  well  is  run  into 
large  storage  tanks,  and  from  thence  it  is 
sent  to  the  refiners  either  by  means  of 
waggons  or  by  means  of  pipe  lines.* 

REFINING  OF  PETROLEUM  OILS. 

Crude  petroleum  is  a  most  complex 
substance.  It  contains  the  whole  range  of 
paraffin  hydrocarbons,  from  liquid  to  solid, 
olefins,  various  basic  bodies,  and  in  some 
cases  sulphur  compounds.  The  process  of 
refining  aims  at  getting  rid  of  the  oxygen 
compounds,  all  the  basic  compounds  and 
the  sulphur  compounds,  and  obtaining  the 
paraffin  and  olefin  hydrocarbons  in  the 
finished  products.  The  process  adopted 
is  essentially  one  of  distillation,  accom- 
panied by  certain  chemical  treatments  de- 
signed to  rid  the  paraffin  of  the  undesirable 
products.  The  principles  of  refining  petro- 
leum are  practically  identical  with  those 
of  refining  the  Scotch  shale  oils.  The 
plant  used  is  very  similar  in  constitution 
and  much  of  it  is  identical,  therefore  it  will 
not  be  necessary  to  describe  it  all  in  detail. 
The  exact  details  of  the  methods  followed  depend  largely 
on  the  character  of  the  products  desired  to  be  obtained  from 

*  In  Techtwlogy  of  Petroleum,  by  Neuburger  and  Noalhat,  will  be  found 
very  full  details  of  the  oil  fields  of  the  world  and  the  methods  of  raising 
petroleum. 


FIG.  19.  Oil  Well. 


EEFINING   AMEKICAN   PETROLEUM.  95 

the  petroleum,  and  also  upon  the  kind  of  petroleum  being 
treated.  Thus,  while  in  the  main  the  general  principles  of 
refining  American  and  Eussian  petroleum  are  identical,  the 
details  are  varied  to  suit  the  difference  in  the  composition  of 
the  raw  material ;  then  again,  there  are  some  differences  in 
the  mode  of  treating  American  petroleum,  according  to  the 
•character  of  the  products  to  be  obtained  from  it. 

REFINING  AMERICAN  PETROLEUM. 

There  are  two  methods  followed  in  refining  American 
petroleum,  according  as  to  whether  or  not  it  is  intended  to 
make  cylinder  oils  and  vaseline  from  it.  To  some  extent 
the  refiner  is  guided  by  the  quality  of  his  crude  product. 
Thus  some  petroleums  are  better  adapted  for  producing 
cylinder  oils  than  others ;  this  is  notably  the  case  with  the 
oils  from  Franklin  and  Lima,  and  usually  such  crude  oils 
are  reserved  for  the  manufacture  of  cylinder  oils  and 
Taseline. 

Sometimes  the  refiners  of  crude  petroleum  only  carry  on 
the  refining  to  a  certain  extent,  leaving  others  to  work 
beyond  that  point.  This  was  much  more  common  in  the 
early  days  than  it  is  now.  The  custom  has  gradually  come 
about  of  the  refining  being  conducted  in  very  large  works, 
•capable  of  dealing  with  it  in  every  point.  Comparatively 
speaking,  petroleum  is  divided  into  five  different  pro- 
ducts :— 

1.  Light  liquids  and  naphthas. 

2.  Kerosene  and  burning  oils. 

3.  Lubricating  oils. 

4.  Paraffin  wax. 

5.  Coke. 

The  process  of  refining  for  obtaining  these  products  is 
the  following :  The  crude  oil  as  it  is  received  from  the  wells 
or  pipe  lines  is  run  into  large  tanks,  were  it  is  kept  warm 
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by  means  of  steam  pipes,  and  allowed  to  stand  for  some 
time  to  bring  off  dirt  and  solid  matter  to  settle  out.  The  oil 
is  then  run  into  the  still  and  subjected  to  distillation.  The 
construction  of  the  petroleum  oil  still  varies  somewhat  both 
in  its  shape,  mode  of  setting,  and  method  of  working  and 
size. 


FIG.  20.  Cylinder  Petroleum  Oil  Still. 
THE  STILLS. 

The  two  forms  of  stills,  now  almost  universally  used  in 
America,  are  known  respectively  as  the  "  cheese-box  "  and 
the  "  cylinder  still".  Advantages  are  claimed  for  both. 
The  cylinder  oil  still  is  perhaps  the  most  economical 
of  fuel,  and  is  more  easily  kept  in  repair,  while  the 
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advantages  claimed  for  the  cheese-box  over  the  cylinder  still 
are  lighter  gravity,  better  colour  of  distillates,  and  a  larger 
yield  of  illuminating  oil.  The  excessive  cost  of  repairs  in 
the  brickwork  and  bottoms  is  a  strong  inducement  to  the 
refiner  to  adopt  stills  of  the  cylinder  pattern,  and  the  former 
are  being  torn  down  and  replaced  by  the  latter.  Cylinder 
stills  rarely  exceed  a  capacity  of  600  barrels,  while  some 
cheese-box  stills  have  been  built  to  contain  3,500  barrels. 

THE  CYLINDER  STILL. 

The  cylinder  still  is  represented  in  Figure  20.  They  are 
frequently  set  in  banks  of  two  or  more,  there  being 
considerable  economy  in  thus  placing  them.  They  are 
12  feet  6  inches  in  diameter  and  30  feet  in  length.  The 
capacity  of  this  still  is  600  barrels.  A  drum-shaped  dome 
is  usually  placed  in  the  centre  of  the  top  of  the  still,  from 
which  proceeds  a  15-inch  wrought  iron  pipe,  connecting 
it  with  the  condensing  apparatus  to  be  described  further 
on.  It  will  be  noticed  that  the  brickwork  only  extends 
to  the  centre  of  the  still,  the  upper  half  being  left  wholly 
uncovered,  or  covered  with  a  sheathing  of  thin  sheet  iron. 
This  arrangement  of  the  brickwork  admits  of  the  modern 
method  of  distillation  being  carried  on,  in  which  the 
process  of  "cracking"  is  an  important  feature. 

THE  CHEESE-BOX  STILL. 

This  still  is  shown  by  Figures  21  and  22.  It  is  30  feet 
in  diameter  and  10  feet  in  height,  It  is  supported  by 
circular  brickwork  in  which  are  built  seventeen  fireplaces, 
all  communicating  with  a  central  flue.  The  bottom  has  a 
double  curvature.  The  discharge  pipe  of  the  still  enters 
on  the  side.  On  the  inside  is  a  swing  joint  suspended 
by  a  chain  wound  round  a  shaft  which  is  operated  from 
the  outside  of  the  still.  By  revolving  the  shaft  the  pipe  can 
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either  be  raised  or  lowered  to  the  bottom  of  the  still.  From 
the  top  of  this  projects  three  pipes,  each  connecting  with 
a  drum  stretching  across  the  whole  diameter  of  the  still. 
From  this  drum  proceed  forty  3-inch  pipes  leading  into 
the  condensing  tanks.  In  some  stills  of  both  patterns,  at 
the  point  where  the  vapours  pass  into  the  drums,  a 
perforated  steam  pipe  is  placed.  This  is  only  employed 


FIG.  21.  Cheese-box  Oil  Still. 

during  the  "cracking"  process,  and  is  thought  to  greatly 
improve  the  quality  of  the  oils,  both  in  respect  to  colour 
and  gravity,  although  the  arrangement  is  not  to  be  found  in 
many  refineries. 

Both  forms  of  these  stills  are  provided  with  manholes, 
for  the  double  purpose  of   allowing  the  workmen  to  enter 
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and  clean  them,  and  occasionally  to  inspect  their  condition. 
One  is  placed  upon  the  top  of  the  still,  a  second  near  the 
bottom  plate  which  allows  the  refuse  coke  to  be  conveniently 
thrown  out.  The  covers  to  these  are  generally  fastened 
in  their  places  by  means  of  screw  bolts  and  nuts.  Many 
of  the  most  expert  and  careful  refiners  use  pyrometers 
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FIG.  22.  Cheese-box  Petroleum  Oil  Still. 

in  their  stills ;  they  are  often  of  great  assistance  both 
to  the  firemen  and  the  distiller.  The  large  size  stills  are 
built  of  the  best  quality  of  boiler  iron,  of  f  or  T9F  inch  thick- 
ness securely  caulked.  The  bottoms  are  of  steel  of  the 
same  thickness.  The  increased  expense  in  the  use  of 
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steel  for  the  bottoms  is  more  than  compensated  for  by 
their  greater  durability  and  safety. 

Both  forms  of  stills  are  usually  provided  with  steam 
pipes,  both  closed  and  perforated.  The  steam  issuing  in 
jets  from  the  perforated  pipe  has  been  found  to  facilitate 
distillation  by  carrying  over  mechanically  the  oil  vapours. 
Methods  of  continuous  distillation,  such  as  have  been 
described  on  page  58  as  used  in  the  shale  oil  industry, 
have  been  tried  for  the  distillation  of  petroleum,  but 
have  not  come  into  much  use. 

The  distillation  of  petroleum  is  a  fractional  one,  but  the 
number  of  the  fractions  which  are  produced  varies  somewhat 
according  to  the  character  of  the  products  which  it  is  desired 
to  produce,  and  often  to  the  local  circumstances  of  the 
refiner,  and  the  kind  of  products  which  he  can  sell  best.  As 
stated  previously,  in  some  cases  the  refiner  only  carries  on 
the  distillation  to  a  particular  point,  leaving  to  others  the 
further  treatment. 

The  simplest  process  of  oil  refining  consists  in  the 
fractionation  into  three  products — 1st,  Naphtha ;  2nd,  Ker- 
osene ;  3rd,  Residuum.  The  petroleum  is  distilled  by  fire 
heat,  or  by  the  combined  aid  of  fire  heat  and  superheated 
steam. 

The  first  distillate  to  come  over  is  the  naphtha  or  benzine. 
From  time  to  time  the  specific  gravity  is  ascertained,  and 
when  that  has  reached  0*760  to  0'780  the  current  of  the 
distillate  is  changed,  and  now  flows  into  the  oil  tank,  for 
what  now  comes  over  is  classed  as  kerosene  or  burning 
oil. 

The  quantity  of  this  or  the  extent  to  which  the  distilla- 
tion is  carried  varies  with  different  refiners,  but  the  distilla- 
tion is  usually  stopped  when  the  specific  gravity  of  the 
distillate  reaches  0'84  to  0'85,  although  sometimes  lighter 
distillates  are  collected.  What  remains  behind  in  the  still  is 
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a   thick,    tarry   mass,    commonly   known   as    "  residuum ". 
This  is  subsequently  treated  for  lubricating  oils. 

The  vapours  of  the  distillates  as  they  pass  over  from  the 
stills  are  passed  through  a  condensing  arrangement,  which 
usually  takes  the  form  of  a  worm  pipe  placed  in  a  large  tank, 
through  which  cold  water  is  allowed  to  flow.  This  arrange- 
ment is  shown  in  Figure  23  attached  to  a  cylinder  still.  This 
condensing  arrangement  is  found  to  work  exceedingly  well. 
For  the  lighter  products  it  is  sufficient  to  keep  a  flow  of  cold 
water  through  the  tank  round  the  worm ;  for  the  intermediate 


FIG.  23.  Still  and  Condenser. 

products  water  is  not  necessary,  while  for  the  heavier 
products  obtained  from  the  residuum,  it  is  occasionally 
necessary  to  run  hot  water  through  the  tank,  with  the  object 
of  preventing  the  solidification  of  the  paraffin  in  the  worm. 

To  separate  the  various  fractions  as  they  flow  from  the 
condenser  an  ingenious  arrangement  known  as  the  monitor, 
shown  in  Figures  24  and  25,  is  used.  As  will  be  seen  from  the 
drawings,  this  consists  of  a  circular  vessel,  into  the  bottom  of 
which  is  fitted  a  number  of  exit  pipes  which  communicate 
with  the  different  tanks  in  which  the  distillates  are  collected. 
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Near  the  top  is  the  pipe  through  which  the  products  flow 
from  the  condenser.  Inside  this  vessel  is  another  which  is 
made  to  revolve  round  a  central  spindle  by  means  of  a  lever 
placed  on  the  outside  of  the  monitor,  as  shown.  In  this 
inside  vessel  there  is  a  single  aperture  which  can  be  brought 
in  turn  over  the  exit  pipes  in  the  bottom  of  the  outer 
vessel.  The  distillates  flow  into  the  inner  vessel,  and  thence 
out  of  the  aperture  into  the  exit  pipe  over  which  the  aperture 


FIG.  24.  Monitor,  or  Oil  Separator. 

may  be  placed.  When  the  direction  of  the  flow  is  required 
to  be  changed,  it  suffices  to  turn  the  inner  vessel  round  until 
the  aperture  is  over  the  pipe  communicating  with  the  proper 
vessel.  The  top  of  the  monitor  is  covered  in  with  a  cover 
containing  glazed  openings  to  see  how  much  to  turn  the 
inner  vessel  to  send  the  current  of  distillate  in  the  proper 
direction. 
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Sometimes  the  fractionation  is  carried  on  to  a  much 
greater  extent  than  in  the  above  scheme,  and  the  following 
distillates  are  obtained  : — 

1.  Light  naphtha  having  the  specific  gravity  of  0'705  to 

0*710.  This  is  subsequently  refined  into  a  number 
of  products  such  as  cymogen,  rhigolene,  gasoline, 
light  and  heavy  naphthas. 

2.  Heavy  naphtha  having  a  specific  gravity  from  0*705 


FIG.  25.  Monitor,  or  Oil  Separator. 

to  0*744,   which  also  is  subsequently  refined  into 
naphthas  and  benzines. 

3.  Extra  heavy  naphtha,   the   portion   of   the    distillate 

ranging  from  0'744  to  0'765.     Used  for  a  variety  of 
purposes. 

4.  Water-white   oil.     Kange,    0*765   to   0*795.     Kefined 

into  burning  oils. 

5.  Distillates  from  0'795  to  0'825  used  in  preparing  high 

flash  point  burning  oils. 
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6.  The  distillate  from  0'825,  until  it  becomes  brown,  is 

used  as  gas  oils. 

7.  Eesiduum. 

The  yield  of  products  from  the  petroleum  depends  prac- 
tically upon  the  composition  of  the  crude  oil,  but  it  also 
depends  upon  the  manner  of  distilling.  If  the  distillation  is 
carried  on  rapidly,  it  is  found  that  the  proportion  of  distillates 
is  small,  and  that  of  the  residuum  large.  On  the  other 
hand,  if  the  still  is  built  tall,  and  the  distillation  is  carried  on 
slowly,  then  the  proportion  of  residuum  is  decreased,  while 
that  of  the  distillate  is  increased.  This  is  due  to  a  phe- 
nomenon which  is  named  "  cracking,"  and  was  accidentally 
discovered.  It  is  due  to  the  heat  decomposing  the  heavier 
hydrocarbons,  and  forming  in  consequence  lighter  distillates. 
When  the  refiner  desires  to  have  a  large  yield  of  naphtha 
and  burning  oils,  he  usually  carries  on  the  operation  in  such 
a  manner  as  to  bring  about  this  phenomenon  of  cracking.  If, 
on  the  other  hand,  it  is  desired  to  have  a  large  yield  of  lubri- 
cating oils  and  paraffin  wax,  then  the  cracking  is  avoided  as 
far  as  possible.  The  average  yields  from  petroleum  are  as 
follows  : — 

Naphtha,  15  to  16  per  cent. ; 

Burning  oil,  55  per  cent. ; 

Lubricating  oil,  17  to  18  per  cent. ; 

Paraffin  wax,  2  to  3  per  cent.  ; 

while  there  is  some  loss  in  the  shape  of  uncondensed  gas  and 
coke. 

The  naphthas  and  burning  oils  are  refined  by  treating 
them  with  sulphuric  acid,  caustic  soda,  and  redistillation. 
The  products  which  are  obtained  are  : — • 

Cymogen,  a  very  light  product,  having  a  specific  gravity 
of  0'590,  which  is  used  chiefly  as  an  anaesthetic. 

Ehigolene,  which  has  a  specific  gravity  of  0'625,  boiling 
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at   about    65°   F.,    is   exceedingly   volatile,   and   is 

used  in  ice-making  machines  and  as  an  anaesthetic. 
'Gasoline,  having  a  specific  gravity  of  0'665,  used  chiefly 

for  carburetting  gas. 
Naphtha  or  benzoline,  having  a  specific  gravity  of  O705, 

used  as  a  solvent. 
Benzine,  having  a  gravity  of  0'737,  also  used  as  a  solvent 

in  making  varnishes  and  paints. 
Kerosine  is  refined  into  burning  oils  of  various  grades. 

TREATMENT  OF  RESIDUUM. 

This  is  treated  in  various  ways  at  different  works,  but 
the  following  outline  will  show  the  main  lines  on  which  it  is 
treated.  The  residuum  is  first  of  all  run  into  a  large  tank 
warmed  by  means  of  steam  so  as  to  make  it  fluid,  then  run 
into  a  still  in  which  it  is  heated  by  fire  heat  alone,  or  in 
.some  cases  fire  heat  accompanied  by  superheated  steam. 
The  whole  is  distilled,  the  distillate  being  condensed  by  means 
of  a  worm  condenser,  care  being  taken  in  the  later  periods  to 
avoid  the  formation  in  the  condensing  worm  of  solid  paraffin. 
There  is  obtained  a  light  distillate  containing  solid  paraffin, 
.and  a  residue  of  coke  is  left  behind  in  the  still.  The  dis- 
tilled oil  is  next  treated  with  sulphuric  acid  and  caustic  soda 
in  an  upright  iron  vessel  fitted  with  an  agitator. 

The  distillate  after  being  washed  with  the  acid  and  soda 
is  transferred  to  a  still,  again  distilled,  this  time  usually  in 
three  portions : — 

1.  Heavy  burning  oils  ; 

2.  Light  lubricating  oil  and  paraffin ; 

3.  Heavy  lubricating  oil  and  paraffin  ; 
•a  residue  of  coke  remaining  in  the  still. 

The  first  fraction  is  washed  with  acid  and  soda  and 
refined  into  burning  oils  of  various  grades. 

The  second  and  third  fractions  are  first  subjected  to  a 
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refrigerating  process  to  crystallise  out  the  solid  paraffin  wax 
they  contain,  which  is  separated  by  filtration,  while  the 
liquid  oil  filtrate  is  further  treated  by  redistillation,  pre- 
ceded by  washing  with  acid  and  soda,  and  separated  into 
lubricating  oils  of  various  grades,  as  follows : — 

1.  875  pale  oil. 

2.  885  pale  oil. 

3.  903  to  907  pale  oil. 

4.  910  to  912  pale  oil. 

These  are  those  usually  made,  but  each  refiner  has  his 
own  special  grades.  These  oils  are  commonly  known  in 
America  as  "paraffin  oils,"  in  consequence  of  their  being 
obtained  along  with  paraffin  with  distillation. 

The  properties  of  these  oils,  gravities,  viscosity,  flash  and 
fire  tests,  etc.,  will  be  described  in  the  chapter  on  Oil 
Testing,  while  some  details  are  given  below. 

Of  late  years,  very  considerable  improvements  have  been 
made  in  the  method  of  refining,  a  larger  yield  of  oils  of  0*885 
to  0'910  gravity,  with  a  lesser  yield  of  oils  of  lower  and  higher 
gravity,  being  obtained.  More  paraffin  wax  is  extracted,, 
whereby  an  increase  in  the  flashing  point  and  viscosity  of 
the  oils  is  brought  about. 

NATURAL  LUBRICATING  OILS. 

Some  of  the  crude  American  petroleums,  among  which 
may  be  named  those  from  Mecca,  Ohio,  Erie  County,  Frank- 
lin, Greensburg,  Charlestown,  West  Virginia,  Montecello, 
Kentucky,  are  of  such  quality  that  they  may  be  used  as 
lubricating  oils  with  but  little  preparation.  These  oils  are 
first  allowed  to  settle  in  tanks,  to  free  them  from  water  and 
earthy  impurities,  when  they  are  heated  in  open  vessels  or 
in  stills  by  steam  heat  until  they  have  lost  all  their  lighter 
constituents  and  have  been  brought  to  the  required  degree 
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of  gravity.  These  oils  are  dark  in  colour;  sometimes,  to 
reduce  this  somewhat,  they  are  filtered  through  char- 
coal. 

These  oils  are  known  in  this  country  under  a  variety 
of  names,  of  which  the  best  known  are  Summer  dark 
machinery  oil,  etc. 


PETROLEUM  CYLINDER  OILS. 

What  are  known  as  cylinder  oils  are  a  class  of  oils  which 
vary  in  consistency  from  viscid  liquids  to  soft  masses  of  a 
buttery  consistency,  pale  brown  to  almost  black  in  colour,, 
now  very  largely  used  for  the  lubrication  of  steam  engine 
cylinders,  are  products  obtained  almost  exclusively  from 
American  petroleum.  In  the  preparation  of  these  oils  the 
refiner  has  to  be  careful  in  regard  to  his  crude  material, 
carefully  selecting  it,  as  it  is  not  every  variety  of  petroleum 
that  yields  these  cylinder  oils.  They  are  produced  by  two 
methods.  The  first  closely  resembles  the  one  described 
above  for  distilling  petroleum.  The  crude  petroleum  is 
distilled  as  rapidly  as  possible  with  fire  heat  to  get  off 
the  naphtha  and  the  burning  oil.  When  these  have  come 
off  the  distillation  is  aided  by  means  of  superheated  steam, 
which  carries  over  with  it  the  heavier  portion  of  the 
distillate,  and  at  the  same  time  prevents  cracking,  and 
consequently  too  much  decomposition  in  the  residual 
mass.  When  it  is  considered  that  the  distillation  is 
complete  the  residue  in  the  still  is  run  off,  strained  to 
free  it  from  gritty  matters,  sometimes  refrigerated  and 
filtered  to  free  it  from  paraffin  wax,  after  which  it  is 
ready  to  be  sent  into  commerce  as  "  dark  cylinder  oil ". 
Another  method  which  is  practised  is  to  carry  on  the 
distillation  in  a  vacuum  whereby  the  light  distillates  are 
enabled  to  come  over  at  a  much  lower  temperature  than 
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under  ordinary  conditions,  so  that  there  is  not  that 
decomposition  of  the  product  which  sometimes  occurs  in 
the  ordinary  method  of  distilling.  By  a  process  of  filtering 
through  charcoal  the  colour  of  the  product  is  greatly 
reduced  in  intensity.  Such  oils  are  known  as  "  filtered  "  or 
"  extra  filtered  "  oils. 

These  cylinder  oils  vary  in  specific  gravity  from  0'888 
to  0'905 ;  their  flash  points  are  usually  over  500°  F.,  and 
they  have  a  very  high  degree  of  viscosity  at  100°  F.,  but 
become  more  fluid  at  higher  temperatures.  They  appear 
to  owe  their  consistency  to  the  presence  of  uncrystallisable 
members  of  the  paraffin  and  olefin  series  of  hydrocar- 
bons. These  have  not  been  isolated.  Some  further 
details  concerning  these  oils  will  be  found  in  another 
section. 

Similar  products  to  the  cylinder  oils,  and  practically 
obtained  from  them  by  repeated  filtration  through  charcoal, 
are  the  bodies  known  as  vaseline  and  petroleum  jelly, 
largely  used  for  medicinal  purposes. 

During  the  distillation  of  the  cylinder  oils  there  are 
obtained  naphthas,  burning  oils,  and  lubricating  oils.  It 
is  well  known  that  these  products  are  somewhat  different 
from  the  lubricating  oils  obtained  from  the  ordinary  method 
of  distilling  residuum.  They  are  lighter  in  specific  gravity, 
ranging  from  0*870  to  0'905,  have  a  higher  flashing  point, 
and  a  higher  viscosity.  They  are  known  in  America  as 
"  neutral  oils";  in  England  they  are  mostly  used  for  the 
lubrication  of  spindles  of  textile  spinning  frames.  These 
oils  are  known  here  under  a  variety  of  fancy  names,  the 
usual  grades  being  0'865,  0'872,  0'892.  Details  will  be 
found  in  the  chapter  on  Oil  Testing. 

White  Oils. — By  taking  the  lighter  coloured  oils  and  re- 
peatedly filtering  through  charcoal  the  colour  can  be  com- 
pletely eliminated,  and  colourless  oils  known  in  the  trade  as 
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"White  Oils"  are  obtained.  These  have  come  largely  into 
use  in  connection  with  the  textile  industries  as  lubricating 
oils,  on  account  of  the  fact  that  they  give  no  visible  stain 
when  they  drop  on  a  piece  of  cotton  cloth,  etc.  Their 
specific  gravity  varies  from  0'865  to  O885,  flash  points 
from  290°  F.  to  350°  F.  Some  are  quite  white,  others  have 
a  faint  cream  tint.  In  the  table  on  page  109  will  be  found 
some  other  particulars. 

RUSSIAN  PETEOLEUM. 

The  difference  in  the  chemical  composition  between 
American  and  Russian  petroleums  has  already  been  pointed 
out. 

This  difference  is  accompanied  by  some  difference  in  pro- 
perties, which  necessitates  the  crude  Eussian  petroleum 
being  treated  by  a  somewhat  different  process  to  that  fol- 
lowed with  American  petroleum,  although  the  principles 
underlying  the  refining  of  the  crude  oils  are  much  the 
same. 

The  crude  Russian  petroleums  vary  very  much  more  in 
their  properties  than  do  the  American  petroleums.  Some 
are  light  and  fairly  free  from  colour,  others  are  heavy  and 
of  dark  colour ;  some  yield  a  large  proportion  of  burning  oils 
and  little  lubricating  oils,  while  others  yield  a  large  quantity 
of  the  latter  product.  Russian  petroleum  oils  are  refined 
principally  for  the  burning  oils  that  can  be  prepared  from 
them.  Like  the  American  product,  the  process  of  refining 
consists  essentially  in  one  of  distilling  with  chemical  treat- 
ment. The  chemical  treatment  very  often  cannot  be  carried 
to  the  same  extent  as  is  done  with  the  American  petroleum, 
especially  the  process  of  operating  with  acid,  on  account 
of  the  fact  that  the  naphthenes  of  the  Russian  oil  are  more 
acted  upon  than  the  corresponding  paraffins  and  olefins  of 
the  American  oil.  The  distillation,  again,  cannot  be  carried 
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on  with  the  aid  of  fire  heat  alone,  inasmuch  as  a  consider- 
able amount  of  decomposition  occurs,  which  is  owing 
to  the  vapours  being  heavy  and  tending  to  flow  back  into 
the  still.  The  distillation  is  carried  on  by  the  combined 
aid  of  fire  heat  and  superheated  steam,  the  latter  acting 
more  or  less  to  conduct  the  vapours  of  the  oil  out  of  the 
still.  A  form  of  plant  largely  used  in  refining  Russian 
petroleum  is  shown  in  Figure  26.  The  following  is  a  list 


FIG.  26.  Russian  Petroleum  Oil  Refining  Plant. 

of   the  products  which  are   obtained   from  Russian  petro- 
leum :— 

1.  Gasolines  and  naphthas.      Specific  gravity,  0'718  to 

O760;  flashing  under  82°  F.,  forming  about  2  per 
cent,  of  the  crude  oil. 

2.  Kerosine  oils,  ranging  from  0'760  to  0'860  in  gravity, 

flashing  at  from  82  to  136°  F.,  forming  about  38 
per  cent,  of  the  crude  oil,  and  refined  into  various 
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grades  of  burning  oils  of  excellent  quality  and  high 
flashing  points. 

3.  Solar  oils,  having  a  gravity  of  0*860  to  0*875  ;  flashing 

point,  212°  F. ;  forming  about  15  to  18  per  cent,  of 
the  crude  oil.  This  is  a  good  illuminant  when  per- 
sent  in  sufficiently  large  quantities,  but  is  often 
mixed  with  astatki  for  use  as  a  fuel  oil  and  in 
gas  making. 

4.  Lubricating  oils,  of   which  usually   three  grades    are 

prepared. 

(a)  Spindle  oils.     Gravity,    0'892  to  0'896 ;    flashing  at 

310  to  330°  F. ;  forming  12  to  13  per  cent,  of  the 
crude  oil.  These  give  very  good  results  when  used 
for  lubricating  textile  spinning  spindles  provided 
the  rate  of  revolution  is  not  too  high. 

(b)  Machine  oils.      Gravity,  0'906  to  0'908;    flashing  at 

about  340  to  350°  F. ;  forming  27  to  28  per  cent,  of 
the  product. 

(c)  Cylinder  oils.     Specific  gravity,  0'911  to  0'912  ;  flash- 

ing at  about  390  to  400°  F. ;  forming  4  to  5  per  cent, 
of  the  crude  oil.  These  work  well  for  heavy  shaft- 
ing and  engine  shafts,  and  are  largely  used  for  that 
purpose. 

5.  Tar — or,   as  it  is  known   in   Russia,    "  astatki " — the 

residuum  left  in  the  still,  and  forming  14  to  17  per 
cent,  of  the  crude  oil.  This  is  used  as  a  fuel,  for 
caulking  ships,  for  briquette  making,  grease  making, 
and  when  mixed  with  the  solar  oil  (see  No.  3)  it  is 
used  for  making  gas  and  fuel  oil. 

It  is  rather  noticeable  that  there  are  no  solid  paraffins 
obtained  from  Eussian  petroleum  oils,  nor  are  there  any 
products  at  all  resembling  the  American  cylinder  oils.  On 
comparing  the  lubricating  oils  from  Russian  petroleum  and 
those  from  American  petroleum  and  Scotch  shale  oil,  it  will 
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be  noticed  that  the  Kussian  oils  are  somewhat  higher  in  vis- 
cosity, which  however  they  lose  more  readily  when  heated, 
while  their  flash  points  are  lower  than  the  corresponding 
oils  of  the  grade  from  the  other  sources.  The  Russian  oils 
do  not  deposit  any  solid  paraffin  at  low  temperatures,  so 
that  they  are  very  suitable  for  use  in  cold  places ;  in  colour 
they  are  somewhat  dark,  and  redder  than  Scotch  or  Ameri- 
can oils,  while  their  characteristic  bloom  is  of  a  violet-blue 
tint. 

The  following  table  gives  some  constants  relating  to  the 
various  grades  of  Russian  oils  now  made : — 


No.  0. 


(1) 

(2) 

Specific  Gravity  at  60°  F. 

0-911 

0-9077 

„  212°  F. 

0-862 

0-8652 

Viscosity  at  70°  F.    . 

.       510 

690 

„  100°  F.    . 

151 

184 

„           „  120°  F.    .         .        . 

87 

85 

„  150°  F.    . 

45 

41 

„  212°  F.    . 

25 

26 

Vaporising  Temperature  . 

.       230°  F. 

238°  F. 

Flash  Point       .... 

380°  F. 

386°  F. 

Fire  Test    

496°  F. 

500°  F. 

No.  1. 


Specific  Gravity  at  60°  F. 
„  212°  F. 
Viscosity  at  70°  F.   . 

„  100°  F.  . 
„     „  120°  F.  . 

„  150°  F.  . 

„  212°  F.  . 

Vaporising  Temperature  . 
Flash  Point      . 
Fire  Test  . 


(1) 

0-906 
0-857 
320 
116 
62 
33 
22 

210°  F. 
364°  F. 
470°  F. 


(2) 

0-9055 
0-8582 
424 
103 
50 
29 
18 

213°  F. 
366°  F. 
473°  F. 
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No.  2. 


Specific  Gravity  at  60°  F. 
„  212°  F. 
Viscosity  at  70°  F.  . 

,,100°F.  . 

„  120°  F.  .         . 

,,150°F.  . 

„  212°  F.  .         . 
Vaporising  Temperature  . 
FlashPoint 
Fire  Test  . 


Specific  Gravity  at  60°  F. 
„  212°  F, 
Viscosity  at  70°  F.  . 

,,100°F.  . 

„  120°  F.  .        . 

„  150°  F.  .        . 

,,180°F.  .      .  . 


(1) 

(2) 

0-890 

0-8901 

0-846 

0-8459 

94 

103 

40 

50 

28 

29 

20 

18 

16 

14 

195°  F. 

199°  F. 

348°  F. 

350°  F. 

407°  F. 

410°  F. 

RESIDUUM. 


0-906 

0-861 

445 

130 

80 

38 

26 


LIGHT  MINERAL  OILS  are  often  "  bodied  up "  with 
alkaline  soaps  or  metallic  oleates.  The  ordinary  soaps  are 
•dehydrated  by  air  and  heat,  and  slowly  stirred  into  the 
mineral  oils  heated  to  180°  or  200°  F.  in  a  steam- jacketed 
pan.  If  dry,  the  soap  is  completely  assimilated ;  if  still 
hydrated,  the  remaining  water  can  be  driven  off  by  raising 
the  temperature  cautiously  above  212°.  Four  ounces  of 
soap  will  cause  10  gallons  of  an  ordinary  885  mineral  oil  to 
gelatinise  at  60°  F.,  and  one  pound  of  soap  will  convert  the 
oil  into  grease. 

Aluminium  oleate  is  the  thickener  most  used.  It  is 
made  by  placing  112  pounds  of  oleic  acid  into  a  tub  contain- 
ing twenty  gallons  of  hot  water,  and  stirring  in  vigorously  in 
small  quantities  a  lye  of  16^  pounds,  77  per  cent,  caustic 
soda,  in  ten  gallons  of  water.  .  On  boiling  this  mixture, 
sodium  oleate  results.  Into  a  solution  of  70  pounds  of 
alum  in  20  gallons  of  water  this  sodium  oleate  is  now 
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poured,  when  aluminium  oleate  separates  in  greasy  masses, 
which  are  skimmed  off  and  freed  of  moisture  by  pressing. 
A  thickening  base  is  made  by  heating  to  230°  F.  112  pounds 
of  oil  with  28  pounds  of  the  aluminium  oleate  until  the 
latter  is  dissolved.  The  viscous  product  thus  formed  is 
used  for  bodying  other  oil,  the  mixture  being  facilitated  by  a 
gentle  heat.  One-sixteenth  part  by  weight  of  aluminium 
oleate  will  give  to  885  oil  the  body  of  a  910  or  915  oil.  The 
flash  point  is  not  altered  at  all,  and  the  gravity  very  little. 

Aluminium  stearate  is  used  for  the  same  purpose,  but  is 
more  expensive  and  troublesome  to  make.  It  is  prepared 
by  mixing  112  pounds  distilled  stearine  with  20  or  30 
gallons  of  hot  water  and  slowly  adding  the  lye,  as  before 
described.  The  whole  is  boiled  to  a  homogeneous  mass, 
adding  water  to  give  the  consistency  of  cream  and  make  it 
flow  freely.  The  sodium  stearate  solution  thus  formed  is 
added  to  20  gallons  of  alum  solution  (as  above),  and  the 
aluminium  stearate  is  skimmed  off  as  it  rises  and  drained 
on  a  filter,  when  it  is  ready  for  use. 

Any  residual  water  is  driven  off  in  the  process  of  thicken- 
ing oils,  and  the  traces  of  alumina  and  sodium  sulphate 
which  remain  in  will  precipitate  to  the  bottom  of  the  pan  on 
standing. 

While  mentioning  this  process  of  thickening  or  bodying- 
up  mineral  oils,  the  author  does  not  view  the  practice  with 
favour ;  it  gives  a  fictitious  value  to  the  oils,  for  it  does  not 
increase  the  lubricating  power  at  all. 

DEBLOOMING  MINEEAL  OILS.  The  mineral  or  hydro- 
carbon oils  possess,  as  has  been  noted  in  their  description,  a 
peculiar  bloom  or  fluorescence  which  is  very  persistent.  For 
the  purpose  of  admixture  with  animal  or  vegetable  oils,  or 
for  some  uses  to  which  they  are  put,  this  bloom  is  undesir- 
able. To  remove  it  various  means  have  been  tried.  The 
most  successful  plan  is  to  use  the  coal  tar  products,  nitro- 
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naphthalene,  binitro-benzol,  and  trinitrotoluol,  the  first  and 
last  being  the  best.  The  process  is  simple.  The  oil  to  be 
debloomed  is  heated  to  150°  F.  and  the  deblooming  agent 
added,  the  amount  ranging  from  J  for  oils  with  a  slight 
bloom  to  1J  Ib.  per  100  Ibs.  of  oil  for  oils  with  a  heavy 
bloom.  The  nitro  product  dissolves  in  the  oil  and  completely 
deblooms  it.  There  is  no  tendency  for  the  bloom  to  re- 
appear, and  the  process  does  not  appear  to  have  any  material 
influence  on  the  oil. 


CHAPTER  V. 

THE  VEGETABLE  AND  ANIMAL  OILS  AND  FATS. 

SECTION  A. 

INTRODUCTION. 

IN  the  bodies  of  all  animals  and  in  some  portions  of  plants 
there  is  always  a  certain  amount  of  oil  or  fatty  substances, 
which  may  be  extracted  by  suitable  means.  The  proportion 
in  some  cases  is  very  large,  but  in  others  is  but  small. 
Many  of  these  oily  or  fatty  bodies  are  of  great  value  in 
trade,  medicine,  food,  etc.  It  is  only  needful  to  mention 
a  few — butter,  tallow,  olive  oil,  lard,  sesame  oil,  almond 
oil — that  are  used  for  some  such  purposes  as  are  here 
mentioned.  .The  number  of  these  bodies  which  are  known 
is  very  great.  Some  are  used  solely  for  food  purposes — 
butter,  lard ;  others  are  used  in  medicine  only — almond  oil, 
cacao,  butter ;  some  may  be  employed  for  many  purposes — 
olive  oil,  palm  oil,  tallow,  etc.  To  deal  with  all  the  animal 
and  vegetable  fats  and  oils  is  beyond  the  scope  of  this  book. 
Here  will  be  particularly  described  only  those  which  are 
or  have  been  used  for  lubricating  machinery  and  in  the 
preparation  of  lubricating  greases  and  compounds.  In 
dealing  generally  with  the  chemical  composition  and 
properties  of  the  oils  and  fats,  others  may  be  incidentally 
referred  to. 

(117) 
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SECTION  B. 

CHEMICAL  COMPOSITION  OF  FATS  AND  OILS. 

Some  of  the  common  properties  of  the  oils  and  fats 
have  been  pointed  out  in  the  introductory  chapter,  page  2. 
The  oils  and  fats  now  under  consideration  are  a  group  of 
bodies  which,  notwithstanding  their  diversity  of  origin, 
are  very  closely  related  to  one  another.  From  a  chemical 
point  of  view  there  is  essentially  no  point  of  difference 
between  an  oil  and  a  fat.  In  ordinary  colloquial  talk  a 
fat  is  a  body  which  at  the  ordinary  temperature  is  a 
solid  body  like  butter,  while  an  oil  is  a  liquid  like  sperm 
oil.  But  whether  such  a  body  is  an  oil  or  a  fat  is  a 
question  purely  of  temperature.  Thus  it  happens  that  in 
cold  or  temperate  countries  like  England  butter  and  coco- 
nut oil  are  fats,  e.g.,  solid  bodies ;  while  in  hot  countries 
like  India  and  Ceylon  they  are  oils,  i.e.,  liquids.  Olive  oil 
is  here  an  oil,  in  Iceland  or  Greenland  it  is  a  fat.  At 
one  time  it  was  considered  that  there  was  some  material 
difference  between  an  oil  and  a  fat,  but  it  is  now  known 
that  such  is  not  the  case. 

The  foundation  of  our  knowledge  of  the  chemistry  of  oils 
and  fats  was  laid  by  Chevreul  and  Liebig  in  their  classic 
researches  on  these  bodies,  and  on  this  foundation  modern 
chemists  have  built  a  great  superstructure  of  knowledge, 
which  is  being  added  to  as  the  years  roll  by.  In  this 
work  English  chemists  have  borne  their  share.  Allen, 
Archbutt,  Hehner,  Wanklyn,  Fox  and  others  have 
materially  helped  forward  this  work,  while  continental 
chemists  have  also  had  a  good  share  of  the  work.  There  is 
still  much  work  remaining  to  be  done,  not  only  in  new  direc- 
tions, but  in  confirming  much  of  the  work  and  researches 
which  have  been  published  of  late  years,  and  which  if 
found  to  be  correct  will  bring  about  some  alterations  in 
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our  conception  of  the  composition  of  many  oils.  With 
regard  to  much  of  the  statements  that  have  been  made 
of  late  of  the  constitution  of  the  fatty  bodies,  it  would 
be  as  well  to  be  a  little  sceptical  and  await  their  confir- 
mation before  accepting  them  finally ;  for  this  reason, 
while  the  newer  ideas  and  views  will  be  stated  in  this 
book,  the  older  ones  will  be  presented  at  the  same 
time. 

The  vegetable  and  animal  oils  and  fats  have  been  named 
by  chemists  "  Glycerides,"  because  by  the  processes  of 
saponification  (see  farther  on)  they  can  all  be  made  to 
yield  glycerine.  The  glycerine  is  not  present  in  the  oils 
as  such,  but  in  the  form  of  the  radicle  glyceryl,  C3H5, 
in  combination  with  certain  acid  bodies,  like  stearic  acid 
and  oleic  acid,  which  are  known  as  the  fatty  acids  on 
account  of  their  occurring  in  the  various  oils  and  fats. 
The  glyceryl  is  the  base  of  the  oils,  while  the  acids 
naturally  form  the  acid  constituent  of  the  oils,  which 
again  belong  to  the  great  group  of  chemical  compounds 
called  "  salts "  by  the  chemist,  and  which  are  specially 
distinguished  by  being  produced  by  a  combination  of  a 
basic  body  with  an  acid  body. 

When  an  oil  or  fat  is  boiled  with  a  solution  of  caustic 
soda  or  of  caustic  potash,  it  undergoes  what  is  called 
"  saponification ".  The  stronger  base  soda  or  potash 
liberates  glyceryl  and  takes  its  place.  The  compound 
which  it  then  forms  with  the  fatty  acid  or  fatty  acids 
of  the  oil  or  fat  forms  the  familiar  product,  soap ;  hence 
the  reason  of  the  term  "saponification".  The  glyceryl 
enters  into  combination  with  the  hydroxyl  group  of  the 
alkali  and  forms  glycerine.  This  change  is  shown  in 
the  following  equations,  which  show  the  action  of  caustic 
soda  and  of  caustic  potash  on  typical  glycerides : — 
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Olein.  Caustic  Soda.     Sodium  Oleate  (Soap). 

+       3NaOH     =     3NaC18H330.2 


Linolein.  Caustic  Potash.     Potassium  Linoleate  Glycerine. 

(Soft  Soap). 

C18H3lO2 

C18H3102       +       3KOH       -       3KC18H3102       +       C3: 
Ci8H3102 

By  heating  the  fat  in  contact  with  superheated  steam, 
a  principle  which  is  employed  on  a  large  scale  for  the 
manufacture  of  stearic  acid  and  glycerine,  the  fat  is 
decomposed,  it  takes  up  the  elements  of  water,  undergoes 
what  is  called  "hydrolysis,"  and  there  is  formed  free 
fatty  acids  and  glycerine.  This  reaction  is  shown  in  the 
following  equation : — 


Stearin.  Water.                  Stearic  Acid.                  Glycerine. 

fC18H3502  (OH 

,H5^  C18H3502  +        3H20       =       3HC18H3502       +       GyEH  OH 

lc18H35o2  [OH 


While  there  is  only  one  base  present  in  all  the  fats 
and  oils  at  present  known  —  that  is,  glycerine,  the  properties 
of  which  will  be  found  described  farther  on  (page  125)  — 
there  are  a  good  many  acids  known.  In  fact,  with  the 
exception  of  Japan  wax,  which  is  almost  pure  glyceryl 
palmitate  (palmitin),  most  oils  and  fats  contain  at  least 
two  acids,  while  some,  i.e.,  butter  and  coconut  oil,  contain 
many  more.  It  has  been  found  that  the  acids  which  have 
so  far  been  found  in  the  oils  and  fats  that  have  been 
examined,  may  be  grouped  into  several  families,  which 
differ  from  one  another  in  the  proportion  of  carbon, 
hydrogen  and  oxygen  they  contain,  and  in  many  of  their 
properties.  The  following  tables  give  the  names  and 
chemical  composition  and  formulae  of  those  acids  at 
present  known  with  the  oils  and  fats  in  which  they 
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liave  been  found.  In  order,  however,  to  make  some  of 
the  tables  complete,  some  acids  are  added  which  are 
not  found  in  oils  but  are  members  of  the  same  great 
families  of  acids. 


I.  ACIDS  OF  THE  ACETIC  SERIES.     General  Formula,  CnH2nQ 

Acid. 
Formic      .... 

.Acetic  . 


Formula. 
HCHCX 


HC2H302 


Propionic  .  .  . 
Butyric  Acid  .  . 
Taleric  Acid  .  . 

.    HC3H502 
.     HC4H902 
.     HC3H902 

Caproic  Acid  .  . 
Aenanthylic  Acid  . 
•Capryllic  Acid  .  . 

.     HC6HU02 
,    HC7H1302 
.    HC8H1502 

Pelargonic  Acid  . 
Capric  Acid  .  .  . 
Umbellulic  Acid  . 
Laurie  Acid  .  .  . 

.     HC9H1702 
.     HC10H1902 
.     HCnH2102 
.     HC12H23O2 

Myristic  Acid    . 

Isocetic  Acid  . 
Palmitic  Acid  . 
Daturic  Acid  . 
•Stearic  Acid  . 
Arachidic  Acid 
Behenic  Acid  . 
Lignoceric  Acid 
Hysenic  Acid  . 
•Cerotic  Acid  . 
Melissic  Acid  . 


HC16H3102 


HC20H3902 

HC^O, 

HC26H5102 


HC30H59o2 


Where  found. 

In  ants  and  nettles. 

In  various  essential  oils  produced  dur- 
ing the  fermentation  of  saccharine 
fluids. 

Obtained  by  oxidising  fusel  oil. 

The  characteristic  acid  of  butter. 

Found  in  valerian  root.  Present  in 
fish  oils. 

Obtained  from  butter  and  coconut  oil. 

Present  in  castor  oil. 

Found  in  coconut  and  palm  nut  oils, 
butter. 

Oil  of  the  pelargonium  and  oil  of  rue. 

Butter,  coconut  and  palm  nut  oils. 

Chaulmugra  oil. 

In  laurel  oil,  coconut  and  palm  nut 
oils. 

In  nutmeg  butter,  coconut  oil,  croton 
oil. 

Obtained  from  spermaceti. 

Palm  oil,  Japan  wax,  spermaceti. 

The  solid  portion  of  animal  fats. 

Arachis  or  ground  nut  oil. 

Oil  of  ben  seed,  rape  oil,  mustard  oil. 

In  ground  nut  oil. 

Fat  of  the  hysena. 

Beeswax,  Chinese  wax,  carnauba  wax. 

Beeswax. 


Besides  the  acids  here  enumerated,  there  are  reasons  for 
suspecting  the  presence  in  some  oils  and  fats  of  others  more 
•or  less  isomeric  with  some  of  the  above,  as,  for  instance, 
isobutyric  acid  in  butter,  margaric  acid  isomeric  with  daturic 
acid,  carnaubic  .  acid  isomeric  with  lignoceric  acid.  Our 
knowledge  of  these  acids  is  not  yet  sufficient  to  enable  us  to 
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state  with  sufficient  definiteness  the  composition  of  all  the 
acids  described  as  having  been  found  in  various  oils  and  fats. 
Theory,  of  course,  points  out  that  there  is  a  possibility  of 
isomeric  acids  existing. 

The  four  lowest  members  of  this  series  of  fat  acids,  formic,, 
acetic,  propionic,  and  butyric,  are  soluble  in  water,  and  may 
be  distilled  without  decomposition.  The  next  few  members 
in  the  series  are  slightly  soluble  in  water,  and  may  be  distilled 
in  a  current  of  steam,  while  all  above  capryllic  acid  are 
insoluble  in  water,  and  cannot  be  distilled  with  steam.  The 
fatty  acids  may  therefore  be  divided  into  two  divisions,  one 
the  "  soluble  fat  acids,"  which  are  soluble  in  water  and  dis- 
tillable  in  the  presence  of  steam  ;  the  other  the  "  insoluble  fat 
acids,"  which  are  insoluble  in  water.  The  lower  members, 
formic,  acetic,  propionic,  and  butyric  acids,  are  liquids  whose 
boiling  points  increase  with  an  increase  in  the  number  of 
carbon  atoms  in  the  molecule,  while  the  other  acids  are 
solid  bodies  of  varying  consistency  whose  melting  point  and 
hardness  increase  with  increase  in  complexity  of  composition. 
The  fatty  acids  are  all  soluble  in  alcohol,  a  property  which 
distinguishes  them  from  the  oils  and  fats  themselves,  which 
are  but  sparingly  soluble  in  alcohol.  The  solution  in  alcohol 
shows  a  slight  acid  reaction  to  litmus.  This  group  of  acids 
are  saturated  acids,  and  have  no  power  of  combination  with 
iodine  or  bromine. 

This  group  of  acids  has  some  connection  with  the  paraffin 
series  of  hydrocarbons,  inasmuch  as  by  a  series  of  reactions 
they  can  be  prepared  from  them.  Thus,  for  instance,  start- 
ing with  ethane,  C2H6,  it  can  by  the  action  of  bromine  be 
converted  into  ethyl  bromide,  C2H5Br.  By  treating  this  body 
with  caustic  soda,  it  is  converted  into  ethyl  alcohol,  ordinary 
alcohol,  C2H5OH.  Alcohol  by  treatment  with  oxidising 
agents  is  converted  into  acetic  acid.  In  a  similar  manner 
the  other  hydrocarbons  of  the  paraffin  series  may  be  con- 
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verted  into  acid  bodies  containing  the  same  number  of  carbon 
atoms  as  the  hydrocarbon. 

II.  THE  ACRYLIC  OR  OLEIC  SERIES  OF  FATTY  ACIDS. 


Acid. 

Acrylic  Acid 
Crotonic  Acid    . 

Angelic  Acid 

Tiglic  Acid  .  . 
Moringic  Acid  . 
Cimicic  Acid .  . 
Physetoleic  Acid 
Hypogseic  Acid  . 
Oleic  Acid 


Iso-oleic      .    . 
Elaidic  Acid  . 


Formula. 
H03HA 
HC4H502 

HC5H702 


HC15H2702 


Doeglic  Acid . 
Erucic  Acid   . 


Where  found. 

Is  obtained  by  oxidising  acrolein. 
Is    found    in    oil    of    mustard    and    in 

croton  oil. 
Found    in    Angelica    root    and    in    the 

resin  of  sumbul  root. 
In  croton  oil  and  oil  of  chamomile. 
From  oil  of  ben. 

In  sperm  oil. 

In  ground  nut  oil  or  arachis  oil. 

Is  the  most  common  of  the  fatty  acids, 
the  glyceride  (olein)  forming  the 
liquid  portion  of  nearly  all  oils. 

Can  be  prepared  from  oxystearic  acid. 

By  the  action  of  nitrous  acid  on  oleic 
acid. 

Contained  in  bottlenose  sperm  oil. 

Rape,  mustard,  and  grape  seed  oils. 


•    HC19H3502 
.    HC22H41O2 

Besides  these  acids  there  are  some  others  known  which 
can  be  prepared  artificially,  but  are  not  known  to  be  present 
in  any  oils  or  fats.  The  acids  of  this  group  are  notable  on 
account  of  the  large  number  of  isomers  which  are  known  of 
them.  Further,  nearly  all  can,  like  oleic  acid,  be  converted  into 
an  isomeric  acid  by  the  action  of  nitrous  acid.  This  action  is 
known  as  "  elaidinising".  They  are  unsaturated  acids,  each 
is  capable  of  combining  with  chlorine,  iodine,  or  bromine  in 
the  proportion  of  one  molecule  of  the  acid  to  two  atoms  of 
the  halogen  element.  This  property  is  also  possessed  by  the 
oils  in  which  they  are  present.  The  acids  of  the  acrylic 
series  are  related  to  the  olefin  series  of  hydrocarbons  in  the 
same  way  as  the  acids  of  the  acetic  series  are  related  to  the 
paraffin  hydrocarbons. 

By  certain  reactions,  as  by  employing  hydriodic  acid  and 
phosphorus,  the  acids  of  this  series  can  be  converted  into  the 
isologous  acid  of  the  stearic  series.  Thus,  for  instance,  oleic 
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,  which  has  eighteen  atoms  of  carbon,  is  converted  into 
stearic  acid,  which  has  also  eighteen  atoms  of  carbon. 

Some  of  the  acids  of  this  series  combine  directly  with 
sulphuric  acid,  forming  oxy-sulpho  acids  of  the  acetic  series. 
Thus,  for  instance,  oleic  acid  forms  with  sulphuric  acid 
oxy-stearo-sulphuric  acid,  C17H34COOH.O.S02.OH,  which  is 
capable  of  undergoing  hydrolysis  and  taking  up  the  elements 
of  water,  and  is  transformed  into  sulphuric  acid  and  oxy- 
stearic  acid,  C17H34OHCOOH.  This  reaction  is  of  interest, 
as  it  probably  takes  place  when  soluble  oil  is  made  from  olive 
oil  by  the  action  of  sulphuric  acid. 

III.  THE  LINOLIC  SERIES  OF  FATTY  ACIDS. 

Name.  Formula. 

Oleomargaric  Acid  ....  HC17H2902 
Linolic  Acid  .....  -  HC18H3102 
Tariric  Acid  .....  HC18H3102 

To  these,   perhaps,   must  be  added  the  acid  contained   in 
millet  seed  oil. 

These  acids  combine  readily  with  iodine  and  bromine, 
taking  up  four  atoms  of  the  halogen  per  molecule  of  acid. 
They  are  specially  characteristic  of  drying  oils,  being  found 
in  linseed,  hempseed,  and  poppy  oils.  When  boiled  with  an 
alkaline  solution  of  potassium  permanganate  they  are  con- 
verted into  hydroxy  acids,  linolic  acid  being  converted  into 
sativic  acid.  They  are  not  elaidinised  by  means  of  nitrous 
acid. 

IV.  THE  LINOLENIC  SERIES  OF  FATTY  ACIDS. 

Name.  Formula. 

Linolenic  Acid  .....  HC^H^O^ 
Isolinolenic  Acid  ....  HC18H2902 
Jecoric  Acid  .....  HC18H2902 

These  acids  have  a  powerful  affinity  for  iodine  and 
bromine,  taking  up  six  atoms  of  the  halogen  per  molecule  of 
acid.  They  are  found  in  drying  oils. 

V.  RICINOLEIC  SERIES  OF  FATTY  ACIDS. 

Name.  Formula. 

Ricinoleic  Acid  .         .         .         .         .  HC18H32OH02 

Kicinisoleic  Acid       ....  HC18H32OH02 
Rapic  Acid         ..... 


GKLYCEBINE. 

These  are  hydroxy  acids,  and  are  allied  to  oleic  acid. 
They  will  take  up  two  atoms  of  iodine  or  bromine  per 
molecule  of  acid.  They  differ  from  other  fat  acids  in  being 
insoluble  in  petroleum  spirit,  a  property  which  also  extends- 
to  their  glycerides.  Ricinoleic  acid  is  characteristic  of  castor 
oil,  while  rapic  acid  is  found  in  rape  oil. 

GLYCEEINE,  "the  sweet  spirit  of  oil,"  is  obtained 
from  those  bodies  by  the  process  of  saponification  with 
alkalies,  or  by  the  aid  of  superheated  steam.  Chemists  have 
assigned  to  this  compound  the  name  of  glycerol,  the  termina- 
tion ol  indicating  it  to  have  alcoholic  properties.  Glycerine 
is  a  trihydric  alcohol,  and  is  a  combination  of  the  organic 
radicle  glyceryl,  C3H5,  with  three  equivalents  of  hydroxyl, 
OH.  Its  chemical  formula  is  therefore  C3H5(OH)3.  It  does 
not  exist  as  such  in  the  oils  and  fats  ;  these  are  combinations- 
of  the  radicle  glyceryl  with  one  or  more  fatty  acids.  When 
these  undergo  saponification,  as  shown  in  the  equations  on 
p.  120,  the  glyceryl  combines  with  hydroxyl,  and  is  liberated 
in  the  form  of  glycerine. 

Glycerine  possesses  the  following  properties  :  It  is  a. 
water- white,  very  viscid  liquid,  having  a  specific  gravity  of 
1-2665  at  15°C.  It  possesses  a  sweet  taste,  but  no  odour.  It 
can  be  obtained  in  the  form  of  colourless  crystals.  It  boils 
at  290°  C.  when  pure.  The  addition  of  water  lowers  the 
boiling  point  very  sensibly.  It  is  not  volatile  at  the  ordinary 
temperature,  but  is  so  at  the  boiling  point  of  water,  and  it 
volatilises  along  with  water  when  a  mixture  is  heated. 

Glycerine  is  strongly  hygroscopic,  readily  absorbing  water 
from  the  air,  the  amount  it  will  absorb  often  reaching  50  per 
cent,  of  its  weight.  Glycerine  and  water  will  mix  in  all 
proportions,  the  specific  gravity  varying  in  proportion  to  the 
degree  of  mixture.  The  following  table,  due  to  Skalweit, 
gives  the  specific  gravities  and  refractive  indices  of  various 
mixtures  of  glycerine  and  water  at  15°  C. : — 
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TABLE  OF  SPECIFIC  GRAVITIES  AND  REFRACTIVE  INDICES 
OF  GLYCERINE  SOLUTIONS  AT  15°  C. 


Glycerine. 
Per  Cent. 

Specific 
Gravity. 

Refractive 
Index. 

Glycerine. 
Per  Cent. 

Specific 
Gravity. 

Refractive 
Index. 

0 

1-0000 

1-3330 

51 

1-1318 

1-4010 

1 

1-0024 

1-3342 

52 

1-1346 

1-4024 

2 

1-0048 

1-3354 

53 

1-1374 

1-4039 

3 

1-0072 

1-3366 

54 

1-1402 

1-4054 

4 

1-0096 

1-3378 

55 

1-1430 

1-4069 

5 

1-0120 

1-3390 

56 

1-1458 

1-4084 

6 

1-0144 

1-3402 

57 

1-1486 

1-4099 

7 

1-0168 

1-3414 

58 

1-1514 

1-4104 

8 

1-0192 

1-3426 

59 

1-1542 

1-4129 

9 

1-0216 

1-3439 

60 

1-1570 

1-4144 

10 

1-0240 

1-3452 

61 

1-1599 

1-4160 

11 

1-0265 

1-3464 

62 

1-1628 

1-4175 

12 

1-0290 

1-3477 

63 

1-1657 

1-4190 

13 

1-0315 

1-3490 

64 

1-1686 

1-4205 

14 

1-0340 

1-3503 

65 

1-1715 

1-4220 

15 

1-0365 

1-3516 

66 

1-1743 

1-4235 

16 

1-0390 

1-3529 

67 

1-1771 

1-4250 

17 

1-0415 

1-3542 

68 

1-1799 

1-4265 

18 

1'0440 

1-3555 

69 

1-1827 

1-4280 

19 

1-0465 

1-3568 

70 

1-1855 

1-4295 

20 

1-0490 

1-3581 

71 

1-1882 

1-4309 

21 

1-0516 

'  1-3594 

72 

1-1909 

1-4324 

22 

1-0542 

1-3607 

73 

1-1936 

1-4339 

23 

1-0568 

1-3620 

74 

1-1963 

1-4354 

24 

1-0594 

1-3633 

75 

1-1990 

1-4369 

25 

1-0620 

1-3647 

76 

1-2017 

1-4384 

26 

1-0646 

1-3660 

77 

1-2044 

1-4399 

27 

1-0672 

1-3674 

78 

1-2071 

1-4414 

28 

1-0698 

1-3687 

79 

1-2098 

1-4429 

29 

1-0724 

1-3701 

80 

1-2125 

1-4444 

30 

1-0750 

1-3715 

81 

1-2152 

1-4460 

31 

1-0777 

1-3729 

82 

1-2179 

1-4475 

32 

1-0804 

1-3743 

83 

1-2206 

1-4490 

33 

1-0831 

1-3757 

84 

1-2233 

1-4505 

34 

1-0858 

1-3771 

85 

1-2260 

1-4520 

35 

1-0885 

1-3785 

86 

1-2287 

1-4535 

36 

1-0912 

1-3799 

87 

1-2314 

1-4550 

37 

1-0939 

1-3813 

88 

1-2341 

1-4565 

38 

1-0966 

1-3827 

89 

1-2368 

1-4580 

39 

1-0993 

1-3840 

90 

1-2395 

1-4595 

40 

1-1020 

1-3854 

91 

1-2421 

1-4610 

41 

1-1047 

1-3868 

92 

1-2447 

1-4625 

42 

1-1074 

1-3882 

93 

1-2473 

1-4640 

43 

1-1101 

1-3896 

94 

1-2499 

1-4655 

44 

1-1128 

1-3910 

95 

1-2525 

1-4670 

45 

1-1155 

1-3924 

96 

1-2550 

1-4684  • 

46 

1-1182 

1-3938 

97 

1-2575 

1-4698 

47 

1-1209 

1-3952 

98 

1-2600 

1-4712 

48 

1-1236 

1-3966 

99 

1-2625 

1-4728 

49 

1-1263 

1-3981 

100 

1-2650 

1-4742 

50 

1-1290 

1-3996 
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The  refractive  index  of  aqueous  solutions  of  glycerine 
also  varies  with  the  strength,  as  shown  in  the  above  table, 
and  where  the  quantity  available  is  not  sufficient  to  deter- 
mine the  specific  gravity,  this  property  may  be  made  use 
of. 

Glycerine  is  miscible  in  all  proportions  with  alcohol ;  it  is 
insoluble  in  ether.  It  is  also  insoluble  in  carbon  bisulphide, 
chloroform,  petroleum  spirit,  and  benzine.  A  mixture  of 
two  volumes  of  absolute  alcohol  and  one  volume  of  ether 
may  be  used  to  separate  glycerine  from  sugars,  gums,  salts, 
etc. 

Glycerine  is  a  powerful  solvent.  On  some  bodies,  e.g., 
iodine,  mercury  iodide,  carbolic  acid,  it  exerts  a  stronger 
solvent  action  than  water. 

Glycerine  when  heated  with  strong  sulphuric  acid  or 
with  hydrogen  potassium  sulphate  is  decomposed.  It  suffers 
dehydration,  and  there  is  formed  acrolein,  C3H3COH,  which 
has  strong  irritating  properties.  This  is,  perhaps,  the  most 
characteristic  property  of  glycerine.  Heated  with  caustic 
potash,  potassium  acetate  and  formate  are  formed.  Glycerine 
is  easily  oxidised,  usually  with  the  formation  of  carbonic  acid 
and  water.  Nitric  acid  forms  glyceric  acid ;  a  mixture  of 
nitric  and  sulphuric  acids  forms  nitro-glycerine,  one  of  the 
most  powerful  explosives  known.  Heated  with  weak  aque- 
ous solutions  of  potassium  permanganate,  glycerine  is  con- 
verted into  oxalic  acid,  on  which  fact  a  method  for  the 
estimation  of  it  in  waste  soap,  lyes,  fats,  etc.,  has  been  based. 
Full  details  of  this  test  will  be  found  described  in  the  chapter 
on  Oil  Analysis. 

In  its  chemical  properties  glycerine  is  a  tribasic  alcohol. 
It  is  capable  of  uniting  with  acids  to  form  compounds  analo- 
gous to  salts.  With  monobasic  acids  like  hydrochloric  and 
acetic  acids  it  forms  three  different  compounds.  Thus  there 
are — 
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Monochlorohydrin,  C3H5(OH)2C1 ; 
Dichlorohydrin,  C3H5(OH)C12 ; 
Trichlorohydrin,  C3H5C13 ; 

and 

Monacetin,  C3H5(OH)2C2H302 ; 
Diacetin,  C3H5OH(C2H302)2 ; 
Triacetin,  C3H5(C2H3O2)3. 

The  fatty  acids  are  monobasic  acids,  and  they  will  combine- 
with  glycerine  to  form  three  compounds.  Thus  from  oleic 
acid  we  can  get — 

Monolein,  C3H5(OH)2C18H33O2 ; 
Diolein,  C3H5OH(C18H3302)2 ; 
Triolein,  C3H5(C18H3302)3. 

So  far  as  it  is  at  present  known,  only  the  tri-compound& 
of  the  fatty  acids  and  glycerine  are  known  to  occur  in  nature. 

Allen  in  his  Commercial  Organic  Analysis,  vol.  ii.,  p.  33, 
gives  the  following  figures  as  the  proportion  of  glycerine 
which  may  be  extracted  from  various  oils  : — 

Bottlenose  Sperm  Oil 3-10  per  cent. 

Northern  Whale  Oil 11-96  „  „ 

Porpoise  Oil 11-09  „  „ 

Menhaden  Oil. 11-10  „  „ 

Lard .  10-83  „ 

Tallow 10-00  „  „ 

Butter  Fat 11-06  „„ 

Olive  Oil .                 .  11-40  •?,  „ 

Rape  Oil .         .  9-82  „  „ 

Sesame  Oil 9-94  „ 

Cotton  Seed  Oil 9-50  „ 

Linseed  Oil .,  9-39  „ 

-    Castor  Oil 9-13  „  „ 

Coconut  Oil 12-11  „ 

Palm  Nut  Oil 11-70  „  „ 

Palm  Oil 9-71  „  „ 

Japan  Wax 11-60  „  „ 

Myrtle  Wax 12-28  „  „ 

It  will  be  seen  that  the  proportion  of  glycerine  which 
can  be  obtained  from  the  common  oils  and  fats  is  from  10 
to  12  per  cent. 
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SECTION  C. 

OCCURRENCE  OF  ANIMAL  AND  VEGETABLE  OILS  AND  FATS. 
1.  ANIMAL  FATS. 

In  the  animal  body  are  comparatively  large  deposits 
of  fatty  matter.  Nearly  all  the  internal  organs  are  covered 
with  a  coat  of  fat.  In  and  about  the  joints  of  the  bones 
deposits  of  fat  occur.  The  muscles  are  also  separated 
from  one  another  by  layers  of  fat.  In  some  cases  these 
deposits  of  fat  are  of  particular  note.  This  is  the  case  with 
what  is  known  to  anatomists  as  omentum  of  animals, 
a  layer  of  fatty  matter  which  covers  the  intestines,  known 
commonly  by  various  names — "leaf"  in  the  case  of  the 
pig,  "skin"  in  the  case  of  sheep  and  oxen.  The  bodies  of 
whales  and  seals  are  covered  with  a  thick  layer  of  fat  known 
as  the  "  blubber ".  The  fat  occurs  in  the  animal  body 
in  a  liquid  condition,  enclosed  in  small  cells  of  animal 
tissue,  so  that  it  does  not  interfere  with  the  motions 
of  the  body.  It  is  maintained  in  this  liquid  condition  by 
the  natural  heat  of  the  body.  When  the  animal  dies  the 
body  becomes  cold,  and  the  fatty  matter  sets  into  a  solid 
mass,  to  which  circumstance  is  due  the  stiffness,  or  rigor 
mortis,  of  dead  bodies. 

The  purpose  of  fatty  deposits  in  the  animal  kingdom 
is  threefold.  First  it  preserves,  especially  in  the  case  of 
the  omentum,  the  internal  organs  from  injury  and  serves 
to  lubricate  them  in  their  various  motions.  It  serves  as 
a  store  of  warmth  for  the  body ;  also  as  a  store  of  food. 

2.  VEGETABLE  OILS  AND  FATS. 

In  the  vegetable  kingdom  oils  and  fats  occur  in  a 
variety  of  ways.  All  seeds  contain  oil  to  a  greater  or  less 
extent,  some  as  much  as  60  per  cent.  This  oil  acts  as 
a  food  for  the  young  plant  until  it  reaches  such  a  period 
of  its  growth  that  it  can  extract  its  sustenance  from  the 
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earth.  The  pulp  of  certain  fruits,  e.g.,  olives,  palm,  con- 
tains a  good  deal  of  oil.  The  vegetable  oils  here  referred 
to  are  those  fixed  or  fatty  oils,  and  not  the  essential 
oils,  to  which  in  many  cases  any  particular  odour  or  taste 
of  the  plant  is  due. 

SECTION  D. 

EXTRACTION  AND  PURIFICATION  OF  ANIMAL  AND 
VEGETABLE  OILS  AND  FATS. 

It  is  obvious  that  as  the  circumstances  under  which  any 
particular  animal  or  vegetable  oil  occurs  are  so  varied  the 
methods  adopted  for  the  purpose  of  extracting  them  must  be 
varied  also.  A  process  which  will  work  well  with,  say,  the 
fat  of  the  pig,  would  not  suit  the  blubber  of  the  whale  or  the 
oil  from  the  olive.  Space  will  not  permit  of  a  very  extended 
description  of  all  the  processes  which  have  been  devised  for 
the  extraction  of  animal  and  vegetable  oils  and  fats ;  but  of 
those  which  are  in  common  use  a  full  description  will  be 
given,  while  other  processes  of  only  special  interest  will  be 
noted  in  outline. 

1.  ANIMAL  FATS  AND  OILS. 

The  operation  of  extracting  the  animal  oils  and  fats, 
such  as  tallow  and  lard,  is  generally  known  as  "  rendering". 
It  may  be  carried  on  in  various  ways.  The  principle  which 
underlies  all  the  methods  is  that  of  liberating  the  fatty 
matter  from  the  animal  tissue  in  which  it  is  enveloped 
by  means  of  heat.  This  causes  the  fatty  matter  to  swell, 
and  in  so  doing  it  bursts  the  envelope  of  tissue  and  is 
then  ready  to  flow  away.  We  may  carry  this  operation 
out  by :  1st,  direct  heat ;  2nd,  boiling  in  water ;  3rd,  steam 
under  pressure. 

RENDERING-  BY  DIRECT  HEAT.  The  housewife  renders 
her  lard  or  suet  by  placing  the  rough  fat  in  a  tray  or 
dish  in  the  oven.  It  is  scarcely  possible  to  adopt  quite  so 
simple  a  system  on  the  large  scale,  although  one  or  two 
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plans  which  will  be  described  very  closely  resemble  the 
housewife's  primitive  method. 

A  simple  method  occasionally  adopted  is  to  heat  the 
rough  fat  in  a  large  boiler  over  the  fire.  The  contents  of 
the  boiler  are  kept  continually  stirred,  and  when  it  is 
considered  that  the  fat  has  been  freed  from  the  tissue, 
the  fire  is  withdrawn  and  the  fat  drawn  off  into  a  separate 
receptacle.  This  method,  though  simple,  is  open  to  several 
objections.^  If  great  care  be  not  taken  there  is  a  liability 
to  char  the  fat  or  tissue,  the  fat  thereby  acquiring  a 
discoloured  appearance  and  a  burnt  odour. *&-  Not  only  so, 
but  bad  odours  are  liable  to  be  given  off  during  the 
operation  which  are  also  objectionable. 

A  much  better  plan  of  rendering  fats  by  dry__ox^direct 
h^eaj  is  illustrated  in  Figure  27.  A  large  chamber  is 
built  of  such  a  size  that  a  workman  can  conveniently 
enter  it.  In  this  are  arranged  on  each  side  rackwork 
shelves  placed  in  an  inclined  position  towards  the  centre 
of  the  chamber.  On  the  floor  of  the  chamber  are  a 
number  of  steam  pipes  for  the  purpose  of  heating  the 
chamber  to  any  required  degree.  The  fat  is  cut  up  into 
small  fragments  by  means  of  a  mincing  machine,  and 
spread  in  layers  on  metallic  trays,  which  in  turn  are 
placed  on  the  shelves  in  the  chamber.  At  the  lower  end 
of  each  tray  is  an  opening  to  permit  of  any  fat  running 
out  into  gutters,  which  are  arranged  for  the  purpose,  these 
gutters  conveying  the  fat  into  a  storage  tank  placed  in 
a  suitable  position.  When  all  the  shelves  are  filled  with 
trays  of  fat  the  door  of  the  chamber  is  closed,  and  steam 
sent  into  the  pipes,  whereby  the  chamber  is  heated  to 
from  130°  to  140°  F.  At  this  heat  the  fat  melts  and  runs 
out.  When  it  is  seen  that  no  more  fat  is  being  obtained 
the  steam  is  stopped,  the  melted  fat  in  the  trays  is 
allowed  to  run  out  and  the  residual  tissue  removed, 
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and  the  trays  filled  up  for  another  rendering.  As  the 
residual  tissue  still  contains  some  7  or  8  per  cent,  of 
fat,  it  is  sent  to  another  pan  for  the  purpose  of  ex- 
tracting this  residual  fat.  The  advantage  of  this  process, 
which  has  been  devised  by  Messrs.  Cook  &  Hall  of  the 
East  London  Soap  Works,  is  that  it  yields  a  fat  of  very 
pure  quality.  On  the  other  hand,  it  is  rather  more_costly 
to  work  than  some  other  processes.  There  is  the  labour 
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FIG.  27.  Tallow  Rendering  Chamber. 

of  mincing  the  rough  fat  and  filling  it  into  the  trays. 
The  cost  of  heating  the  chamber  is  rather  high,  while  the 
yield  is  not  so  great.  A  better  price  is  however  obtainable 
for  the  fat. 

Messrs.  Merry  weather  &  Sons  have  devised  a  plant 
for  the  dry  rendering  of  rough  fats  by  superheated  steam 
whereby  the  overheating  of  the  fats  is  avoided.  This 
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consists  of  three  parts :  First,  a  double-cased  or  jacketed 
boiler  in  which  the  fat  is  heated,  the  steam  being  sent 
into  the  space  between  the  two  pans ;  second,  a  super- 
heater which  is  heated  in  a  suitable  furnace  for  super- 
heating the  steam ;  and,  third,  a  steam  boiler.  This 
apparatus  is  very  efficient  in  use.  It  is  shown  in  Figure 
28,  where  h  represents  the  fat  pan  ;  b,  the  steam  boiler  ; 
a,  the  superheater,  consisting  of  a  number  of  f|  shaped  pipes 
in  a  furnace  ;  d  is  the  steam  pipe  ;  c,  chimney.  In  all 


FIG.  28.  Merryweather's  Fat  Kendering  Plant. 

the  dry  systems  of  rendering  fats  there  is  left  behind 
the  animal  tissue,  or,  as  it  is  called,  the  "greaves  or 
cracklings".  With  the  best  system  of  rendering  the  fat, 
these  always  contain  a  certain  proportion  of  fat  which  it  is 
desirable  from  economical  motives  to  recover.  This  may 
be  done  in  several  ways. 

One  of  the  most  common  methods  of  recovering  the 
fat  from  greaves  is  by  subjecting  them  to  pressure  in 
a  press.  One  very  convenient  press  for  this  purpose  is 
the  Boomer  Screw  Joint  Press. 
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A  convenient  form  of  this  press  is  made  for  fat 
Tenderers.  It  consists  of  a  round  table  with  corrugations, 
and  provided  with  a  lip  from  which  the  pressed  fat  can 
flow.  This  is  supported  on  a  strong  iron  casting.  On  the 
table  is  fitted  a  cask  made  in  two  halves  working  on 
a  hinge,  with  the  object  of  enabling  it  to  be  readily 
discharged.  A  plunger  connected  with  the  screw  gear 
fits  the  cask.  The  Boomer  press  has  a  right-  and  left- 
handed  screw,  the  nuts  working  on  which  are  connected 
with  the  press  plunger ;  the  revolution  of  the  screw  causes 
the  nuts  to  travel  inwards,  and  thus  by  a  knuckle  joint 
force  the  plunger  downwards  with  some  force.  The  greaves 
or  cracklings  while  still  hot  are  placed  in  the  cask  and 
the  press  brought  into  action.  The  fat  is  pressed  out,  while 
the  residual  greaves  are  collected  and  sold  for  dogs'  food 
or  for  manure. 

KENDEEING  BY  BOILING  WATEE.  A  very__oldglan  of 
rendering  tallow  is  to  boil  it  in  an  open-^boiTer  set  in 
a  fireplace  like  an  ordinary  household  washing  boiler 
along  with  water.  The  heat  of  the  boiling  water  causes 
the  fat  to  expand  and  melt  and  flow  from  the  greaves. 
Being  lighter  than  water,  it  collects  on  the  top  of  the 
boiling  water,  and  should  be  skimmed  off  from  time  to 
time.  The  greaves  fall  to  the  bottom  of  the  boiler.  Some 
of  the  animal  tissue  passes  into  solution,  however,  and  a 
little  tends  to  get  into  the  tallow. 

This  process  is  simple,  but  it  has  the  disadvantage 
of  leading  to  the  production  of  evil  odours  which  are 
objectionable,  so  that  except  for  treating  small  lots_of_jat 
jj^  is  rarely  resorted  to,  having  beenlargely  superseded  by 
processes  for  rendering  fat  with  steam  under  pressure. 

Such  a  boiler  is  shown  in  Figure  29,  which  represents  an 
improved  form  of  construction.  The  bottom  is  double, 
and  the  space  thus  formed  is  in  communication  with 
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the  outer  air.  By  this  means  the  temperature  of  the  bottom 
of  the  pan  never  gets  too  high.  The  boiler  is  covered  with 
a  lid,  from  one  portion  of  which  a  pipe  conveying  the 
steam,  etc.,  passes  into  the  chimney,  thus  carrying  off 
all  vapours  and  preventing  nuisance. 

KENDEEING    FATS   UNDEE   PEESSUEE   BY    STEAM.      A 
very  convenient  form  of  plant  for  this  purpose  is  shown  in 


FIG.  29.  Fat  Boiler. 

Figure  30.  This  consists  of  a  steam  boiler  placed  vertically 
as  shown,  and  supported  on  flanges  near  its  upper  portion. 
The  rough  fat  is  fed  in  through  a  manhole  M,  placed  on  the 
top  of  the  boiler,  on  which  also  is  a  safety  valve  s.  In  the 
bottom  is  placed  a  perforated  steam  coil  c,  connected  with  a 
steam -pipe  and  valve  v.  In  the  side  of  the  boiler  are  placed 
two  gauge  or  flow-out  taps  t,  k,  lower  down  is  placed  a  large 
valve  K  for  running  off  the  melted  tallow,  while  at  the 
bottom  of  the  boiler  is  another  valve  T  for  running  off  the 
water,  etc. 
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This  boiler  is  used  in  the  following  manner :  The  crude 
fat  is  broken  up  into  small  pieces,  and  fed  into  the  boiler 
through  the  manhole,  which  is  then  closed.  Water  is  then 
run  in,  and  steam  at  60  pounds  pressure  sent  in  through  the 
steam  coil ;  this  being  continued  for  five  to  six  hours,  the 
length  of  time  being  regulated  according  to  the  amount  of 


FIG.  30.  Fat  Boiler. 

charge.  When  the  operation  is  finished  the  steam  is  shut 
off,  the  contents  allowed  to  settle,  then  before  the  fat  has 
time  to  get  solid  it  is  run  off  from  the  flow-out  taps.  If 
necessary,  water  is  run  in  to  throw  the  fat  up  to  the  level  of 
the  running-off  taps.  Some  renderers  will,  after  turning  off 
the  steam,  run  off  all  the  contents  of  the  boiler  into  a  tank, 
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and  there  allow  the  fat  to  settle  out  and  solidify  when  it  can 
be  removed. 

By  using  such  a  plant,  a  larger  quantity  of  fat  can  be 
rendered  in  a  given  time ;  there  is  less  chance  of  objection- 


FIG.  31.  Fat  Boiler. 


able  odours  arising,  and  the  yield  of  rendered  fat  from  the 
crude  material  is  better. 

The   apparatus   previously   described   is   constructed   to 
render  the  fats  at  the  ordinary  pressure,  or  at  all   events 
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at  but  slightly  increased  pressure.  By  employing  boilers 
which  are  constructed  to  work  at  a  higher  pressure,  some 
advantages  are  secured ;  the  nitrogenous  tissue  is  more 
completely  gelatinised,  therefore  the  fat  is  better  separated 
from  the  tissue,  and  so  a  greater  yield  of  better  quality  is 
obtained.  Figure  31  represents  such  an  apparatus,  which 
may  be  built  of  any  required  size ;  in  some  cases  they  are 
constructed  of  a  capacity  of  10,000  gallons.  As  will  be  seen 
from  the  drawing,  it  consists  of  an  upright  boiler,  fitted  on 
the  top  with  a  safety  valve,  manhole  for  charging,  and  a 
stuffing  box,  through  which  passes  the  rod  of  the  discharging 
orifice  or  valve.  There  is  a  false  bottom.  Between  the  two- 
bottoms  is  a  steam  coil  connected  by  valve  and  pipe  with  an 
ordinary  steam  boiler.  In  the  bottom  is  a  discharging  orifice, 
which  is  kept  closed  by  a  plate  valve  worked  by  a  rod  passing 
through  the  top  of  the  boiler.  In  the  side  of  the  boiler  is 
placed  a  number  of  draw-off  cocks,  extending  from  near  the 
bottom  to  about  half  way  up,  while  near  the  top  is  a  testing 
cock. 

The  apparatus  is  used  in  the  following  manner :  The 
discharging  valve  is  closed,  and  rough  fat  is  thrown  in 
through  the  manhole  until  the  boiler  is  filled  to  within  about 
2|  feet  from  the  top.  The  manhole  is  then  closed,  and 
steam  sent  in  until  a  pressure  of  45  to  60  pounds  is  attained. 
Generally  a  good  deal  of  condensation  of  the  steam  occurs, 
and  much  water  is  formed,  which  collects  at  the  bottom  of 
the  boiler.  From  time  to  time  the  top  cock  is  opened.  If  live 
steam  escapes  the  boiler  is  working  right ;  if  however  fat 
comes  out,  then  it  shows  that  the  boiler  is  too  full,  and  that 
water  must  be  drawn  off  from  the  lowest  cock.  This  is  done 
from  time  to  time  during  the  progress  of  the  operation. 
After  about  twelve  to  fifteen  hours'  steaming,  the  steam 
supply  is  cut  off,  the  pressure  is  relieved  by  opening  the 
safety  valve,  and  the  contents  of  the  boiler  allowed  to  settle. 
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When  well  settled  the  water  is  run  off,  while  the  tallow  is 
run  into  storage  tanks.  The  aqueous  liquor  contains  a  good 
deal  of  nitrogenous  matter,  and  it  may  be  collected  and  used 
as  manure.  Working  with  this  apparatus,  there  is  a  fairly 
good  yield  of  fat  or  tallow  from  the  crude  material. 

BONE  TALLOW. 

Bones  contain  a  good  deal  of  fatty  matter,  which  it  is 
necessary  to  extract  before  the  bones  can  be  used  for  other 


FIG.  32.  Bone  Boiler. 

purposes.  This  bone  fat,  or,  as  it  is  commonly  called,  bone 
tallow,  is  very  largely  used  in  making  soaps,  especially  soaps 
which  are  to  be  used  for  industrial  purposes.  The  simplest 
plan  is  to  adopt  a  boiling  process  in  open  vessels,  but  such 
a  plan  is  open  to  great  objection  on  account  of  the  nauseous 
odours  which  are  developed,  therefore  it  is  better  to  render 
bone  tallow  in  closed  vessels  by  steam. 
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Such  an  apparatus  for  the  purpose  is  shown  in  Figure  32, 
and  is  constructed  by  Mr.  W.  M.  Fuller  of  Birmingham.  It 
consists  of  a  boiler  measuring  about  6  feet  by  3  feet  6  inches, 
fitted  with  hinged  covers  at  both  ends,  both  of  which  can  be 
tightly  closed  by  means  of  suitable  nuts  and  bolts.  There 
are  also  provided  steam  connections  and  draw-off  cocks. 
A  charge  of  about  46  cwts.  of  bones  is  put  into  the  boiler 
through  the  upper  door,  which  is  then  closed.  Steam  at 
about  50  to  60  pounds  pressure  is  then  introduced,  and  kept 
up  for  about  forty  minutes,  when  it  is  shut  off;  the  excess 
steam  being  run  into  a  condenser.  The  contents  of  the 
boiler  are  now  allowed  to  settle  for  half  an  hour,  when  the 
fat  is  run  off  through  a  cock  at  the  bottom  of  the  boiler. 
The  bones  are  drawn  out  by  opening  the  bottom  of  the 
boiler  and  allowing  them  to  drop  on  the  floor.  This  boiler 
extracts  more  fatty  and  gelatinous  matter  out  of  the  bones 
than  does  most  other  modes  of  treatment,  while  the  bones 
&re  in  a  better  condition  for  being  converted  into  manure, 
being  freer  and  therefore  more  friable. 

In  Figure  33  is  shown  a  complete  plant  for  the  boiling  and 
crushing  of  bones,  as  constructed  by  Mr.  Fuller.  B  is  a 
crushing  mill  to  break  up  the  bones  prior  to  their  being 
placed  in  the  bone  boilers  E,  E,  the  crushed  bone  being  con- 
veyed to  them  by  means  of  elevators,  d,  d  are  the  tanks  to 
receive  the  liquor  from  the  bones,  which  are  passed  on  to  the 
crushing  and  sieving  mill  F,  where  they  are  crushed  and 
sieved  prior  to  being  sent  out  as  bone  meal. 

Other  plans  of  treating  bones  have  been  devised.  It  is 
quite  possible  that  no  two  bone  boiling  establishments  are 
arranged  alike  in  their  plant  for  extracting  the  fat  and 
gelatine  from  bones. 

In  one  works  they  boil  the  bones  in  pans  over  a  fire. 
The  pans  are  fitted  with  covers.  Each  pan  communicates 
by  a  flue  with  a  large  iron  condenser,  in  which  all  the  matter 
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which  is  capable  of  condensing  collects  and  flows  away  into 
suitable  receptacles.  Anything  which  is  uncondensed  passes 
into  a  flue  and  away  into  the  atmosphere.  It  would  be 
better  to  conduct  all  gases  to  the  fireplaces  to  burn  up  all 
that  is  combustible. 

In  another  works  they  use  a  bottle-shaped  boiler,  and 
heated  by  steam,  both  the  fat  and  the  gelatine  being 
recovered. 

The  processes  described  above  are  applicable  for  the 
extraction  of  all  kinds  of  animal  facts,  and  are  those  usually 
worked.  In  some  cases  a  special  process  may  be  adopted 
for  special  fats  ;  any  such  will  be  found  described  under  their 
respective  fats. 

2.  VEGETABLE  OILS  AND  FATS. 

There  is  a  greater  variety  in  the  methods  of  extracting 
oils  and  fats  from  vegetable  sources  than  from  animal 
sources.  The  method  generally  followed  is  to  extract  the 
oils  by  pressure,  in  some  cases  at  the  ordinary  temperature, 
in  others  at  a  higher  one.  Some  vegetable  fats  are 
extracted  by  a  process  of  boiling  with  water,  as  in  the 
case  of  animal  fats,  while  the  property  of  such  bodies 
as  carbon  bisulphide,  benzoline,  benzol,  of  readily  dissolving 
oils,  is  taken  advantage  of  for  obtaining  vegetable  oils  by 
a  solvent  process. 

EXTKACTION    OF    VEGETABLE    OlLS   BY    PRESSUBE.       The 

process  of  extracting  vegetable  oils  by  pressure  is  a  very 
ancient  one,  and  is  the  one  commonly  followed  by  people 
in  a  low  state  of  civilisation.  Like  many  other  methods 
it  has  undergone  many  changes  and  developments  from 
the  earliest  times  to  the  present.  It  is  not  intended  here 
to  enter  into  a  discussion  of  the  changes  which  have 
taken  place ;  attention  will  rather  be  given  to  the  methods 
now  in  use  in  this  country.  If  any  reader  desires  to  know 
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-something  of  the  older  methods  he  is  referred  to  Chambers's 
Encyclopedia  or  to  Spon's  Dictionary  of  Engineering. 

There  are  two  chief  methods  of  pressing  oils  in  use  in 
this  country :  the  oldest  is  generally  known  as  the  English 
system,  the  newest  as  the  Anglo-American  system. 

The  ENGLISH  SYSTEM  of  oil  pressing  takes  place  in 
several  stages  as  follows  : — 

First,  Crushing. 

Second,  Grinding. 

Third,  Heating. 

Fourth,  Pressing. 

Fifth,  Eefining. 

The  refining  of  the  oil  obtained  by  carrying  out  the 
first  four  operations  is  the  same  as  in  other  processes  of 
extracting  oils,  and  will  be  considered  later  on. 

First,  Crushing.  Prior  to  being  submitted  to  the  various 
operations  enumerated  above,  the  seed  or  other  material 
is  first  subjected  to  a  cleaning  process  to  free  it  from 
•dirt,  foreign  seeds,  etc.,  which  have  got  into  it  and  which 
might  interfere  with  the  proper  carrying  out  of  the  various 
operations  or  with  the  quality  of  the  oil  which  is  obtained. 
These  cleansing  processes  consist  essentially  of  winnowings 
and  sievings  through  various  sizes  of  sieves.  Even  with 
all  the  care  that  may  be  taken  it  is  impossible  to  completely 
free  oil  seeds  from  all  other  foreign  seeds,  so  that  com- 
mercially it  is  doubtful  whether  an  absolutely  pure  oil 
exists. 

The  crushing  mills  consist  of  an  horizontal  frame 
in  which  are  fixed  two  rolls ;  one  of  these  is  about  four 
feet  in  diameter,  the  other  one  foot  in  diameter.  The 
larger  roll  is  the  driving  roll,  the  smaller  one  revolving 
by  friction  against  it.  The  two  rolls  are  caused  to  press 
against  one  another  with  some  force  by  means  of  screws 
and  springs  working  against  the  bearings  of  the  rolls. 
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The  seed  is  fed  into  a  hopper  which  delivers  it  between 
the  pair  of  rolls,  in  its  passage  through  which  it  becomes 
crushed.  A  mill  will  crush  about  4  tons  of  seed  in  & 
working  day  of  10  hours.  It  is  obvious,  however,  that  the 
quantity  a  mill  will  do  will  vary  with  the  kind  of  seed 
and  other  circumstances.  It  is  usual  to  run  the  mill  at 
such  a  speed  that  the  large  roll  makes  56  revolutions 


FIG.  34.  Oil  Seed  Crushing  Mill. 

per  minute.     One  of  these  crushing   mills  will  keep   two 
ordinary-sized  presses  at  work. 

Figure  34  is  a  drawing  of  such  a  mill  as  described  above, 
made  by  Messrs.  Kose,  Downs  &  Thompson  of  the  Old 
Foundry,  Hull,  to  whom  the  author  is  indebted  for  the 
engraving  of  this  and  other  oil  machinery. 
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Second,  Grinding.  After  being  crushed  the  seed  is  thrown 
into  the  hopper  of  an  edge  runner  grinding  mill  as  shown  in 
Figure  35,  which  shows  the  construction  of  such  mills  very 
well.  An  oil  crushing  mill  differs  from  most  other  edge 
runner  mills  in  having  a  shallow  hopper.  The  usual 
size  for  the  runners  is  7  feet  in  diameter  and  16  inches 


FIG.  35.  Oil  Seed  Grinding  Mill. 

thick,  and  they  will  weigh  6  to  7  tons.  The  driving  shaft 
makes  17  revolutions  per  minute.  One  of  these  edge 
runner  mills  will  keep  two  presses  at  work.  The  seed 
is  ground  for  a  period  of  twenty  to  twenty-five  minutes. 

During  the    operation    care   is    taken   that    every   part   of 

10 
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the  seed  gets  efficiently  ground,  and  it  is  usual  to  add 
from  2  to  3  per  cent,  of  water  during  the  grinding  to 
moisten  it  and  put  the  seed  in  the  best  condition  for 
the  succeeding  operations. 

Third,  Heating.     After   being   crushed   and    ground   the 
seed   next   undergoes   a   heating   operation.     This   is   now 


FIG.  36.  Oil  Seed  Heating  Kettle. 

done  in  a  large  copper  steam  kettle,  shown  in  Figure  36. 
This  kettle  varies  in  size  according  to  circumstances, 
quantity  of  seed  to  be  treated,  etc.  In  a  large  oil  mill 
the  kettle  will  be  5  feet  in  diameter  and  2  feet  6  inches 
deep.  They  are  usually  jacketed  so  that  they  can  be 
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heated  by  steam  up  to  a  temperature  of  160°  to  170°. 
There  is  also  an  arrangement  for  sending  steam  into  the 
inside  of  the  kettle  among  the  seed  which  is  being 
treated.  This  is  very  important,  as  the  heating  in  the 
kettle  tends  to  dry  the  seed,  and  dry  seed  does  not  give 
a  good  yield  of  oil.  The  time  of  heating  varies  somewhat 
according  to  circumstances,  but  usually  is  about  twenty 
to  twenty-five  minutes.  The  kettle  is  always  fitted  with 
an  agitating  apparatus  to  ensure  that  every  portion  of 
the  seed  is  uniformly  heated.  One  kettle  of  the  dimensions 
given  above  will  keep  four  presses  at  work  capable  of 
turning  out  6  tons  of  cake  in  a  day. 

The  previous  operations  are  purely  mechanical  in  their 
effects,  being  designed  to  get  the  seed  into  the  best  possible 
condition  for  yielding  all  the  oil  it  contains.  The  heating 
in  the  kettle  has  a  combined  mechanical  and  chemical 
effect.  The  heating  more  completely  breaks  up  the  cells, 
and  thus  results  in  a  more  ready  separation  of  the  oil ; 
while  at  the  same  time  it  leads  to  the  coagulation  of  the 
albuminous  and  other  matters  present  in  the  seed,  and 
so  prevents  them  from  being  pressed  out  along  with 
the  oil.  It  is  the  great  object  in  oil  pressing  to  obtain 
an  oil  as  free  as  possible  from  extraneous  vegetable 
matters,  the  presence  of  which  in  oil  brings  about  its 
decomposition  sooner  than  would  otherwise  be  the  case. 

Fourth,  Pressing.  After  being  heated,  the  hot  seeds 
are  placed  in  strong  bags  made  of  canvas,  the  usual 
amount  in  each  bag  being  8  pounds,  or  sufficient  seed 
that  after  pressing  the  oil  out  there  remains  a  cake 
weighing  8  pounds.  The  bags  are  next  enclosed  in 
woollen  covers,  and  are  then  wrapped  again  in  what  are 
called  "  hairs,"  which  are  strong  cloths  made  of  horse- 
hair. The  cakes  of  seed  are  now  placed  between  the 
plates  of  the  press  and  subjected  to  pressure. 
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Beyond  such  primitive  methods  of  pressing  oil  as 
have  been  in  existence  and  still  are  in  use  by  uncivilised 
people,  there  have  been  three  kinds  of  press  in  use  : — 

First,  Stamper  and  Wedge  Press. 

Second,  Screw  Press. 

Third,  Hydraulic  Press. 

The  first  and  second  have  almost  gone  out  of  use,  while 
now  only  hydraulic  oil  presses  are  made.  A  few  words 
descriptive  of  them  will  however  be  useful. 

The  Stamper  and  Wedge  Press.  This  old  form  of  oil 
press  consists  of  two  portions.  A  cast  iron  box,  long, 
narrow,  but  deep,  is  provided.  At  one  end  is  placed  a 
perforated  iron  press  plate;  against  this  is  put  the  bag 
of  seed ;  next  comes  another  press  plate,  followed  by  a 
piece  of  wood  thicker  at  the  bottom  than  at  the  top ; 
then  comes  the  wedge,  followed  by  a  similar  piece  of 
wood  to  the  foregoing.  The  other  end  is  fitted  up  in  the 
same  way.  Between  the  two  sets  is  what  is  known  as  a 
key  arrangement,  consisting  of  three  pieces,  two  pieces 
thicker  at  the  bottom  than  the  top,  with  an  intermediate 
piece,  the  key,  shaped  like  an  inverted  wedge.  The  whole 
of  this  arrangement  constitutes  one  part.  The  other 
portion  consists  of  two  hardwood  stampers  which  can  be 
made  to  alternately  fall  upon  the  wedges  with  some  force, 
thus  driving  them  further  in  and  causing  them  to  press 
the  seed  with  some  amount  of  pressure,  forcing  out  the 
oil  it  contains.  After  falling  on  the  wedge  the  stamper 
is  raised  up  ready  for  another  drop.  When  it  is  con- 
sidered that  all  the  oil  has  been  extracted,  a  stamper 
is  allowed  to  fall  upon  the  key,  which  loosens  the  whole 
arrangement  so  that  the  bags  of  pressed  seed,  the  oil 
cake  as  it  is  now  called,  can  be  withdrawn.  The  oil 
flows  into  a  receptacle  in  the  lower  portion  of  the  box, 
from  whence  it  is  transferred  to  a  storage  tank.  It  is 
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obvious  of  course  that  the  production  of  oil  in  a  stamper 
press  is  a  limited  one.  About  12  cwts.  per  day  is  a  fair 
quantity  for  a  stamper  press  to  turn  out. 

The  Screw  Press.  The  screw  press  for  oil  has  practically 
gone  out  of  use,  partly  because  it  could  not  be  made  strong 
enough  for  the  work,  and  it  was  awkward  to  work.  It 
usually  consisted  of  a  circular  vessel  in  which  a  piston 
worked  up  and  down.  To  the  piston  was  attached  a  strong 
screw  worked  by  a  lever.  The  bags  of  seed  were  placed 
between  the  bottom  of  the  vessel  and  the  piston,  and  the 
screw  being  worked  the  latter  was  forced  down,  thereby 
pressing  out  the  oil. 

The  Hydraulic  Press.  All  other  forms  of  oil  presses  have 
been  virtually  superseded  by  the  hydraulic  oil  press,  of  which 
there  are  several  makers.  The  details  of  the  construction  of 
the  press  have  undergone  many  changes  since  it  was  first 
adopted  for  oil  pressing,  and  the  most  modern  form  is 
capable  of  turning  out  more  work  and  obtaining  better 
products  than  the  older  ones.  It  will  be  more  convenient  to 
defer  a  description  of  the  hydraulic  oil  press  until  an  account 
of  the  Anglo-American  system  is  given. 

The  ANGLO-AMEKICAN  SYSTEM  of  oil  pressing  was  intro- 
duced into  this  country  by  Messrs.  Eose,  Downs  &  Thomp- 
son of  Hull,  who  have,  since  its  introduction,  greatly 
developed  it,  and  made  many  improvements  on  the  machinery. 

The  Anglo-American  system  requires  five  operations — 

First,  Crushing. 

Second,  Heating. 

Third,  Moulding. 

Fourth,  Pressing. 

Fifth,  Kefining. 

First,  Crushing.  After  the  seed  has  been  cleansed,  as 
mentioned  above  (p.  143),  it  is  subjected  to  a  crushing  opera- 
tion, which  is  given  by  passing  it  through  a  series  of  heavy 
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chilled  iron  rolls  placed  in  a  suitable  frame  (see  Figure  37). 
The  size  and  number  of  these  rolls  depend  upon  the  quantity 
of  seed  to  be  dealt  with.  Some  mills  have  three  rolls,  others 
four,  and  others  five.  A  very  common  size  is  a  mill  with 
five  rolls,  each  3  ft.  6  in.  long  by  16  in.  diameter.  Such  a 
mill  will  pass  through  sufficient  seed  to  keep  a  set  of 
presses  at  work  capable  of  turning  out  5J  to  6  tons  of  cake 
in  a  working  day. 

At  the  top  of  the  mill  is  a  feeding  hopper  into  which  the 


FIG.  37.  Oil  Seed  Crushing  Rolls. 

seed  to  be  crushed  is  placed.  From  this  hopper  it  is  passed 
between  the  first  pair  of  rolls,  where  it  receives  its  first 
crushing.  By  adhering  to  the  second  roll  the  seed  is  carried 
through  between  rolls  Nos.  2  and  3,  and  successively  between 
Nos.  3  and  4  and  4  and  5,  receiving  a  greater  crushing  each 
time.  Guides  are  attached  to  each  roll  to  ensure  that  the 
seed  is  carried  between  each  pair  of  rolls. 

Second,  Heating.     This  operation   is   identical    with    the 
similar  operation  in  the  English  process  described  on  p.  146. 
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Third,  Moulding.  After  the  seed  has  been  heated  in  the 
kettle,  it  is  sent  into  a  moulding  machine.  This  machine  is 
shown  in  Figure  38.  The  moulding  machine  is  one  of  the 
novel  features  of  the  Anglo-American  system.  Its  object  is 
to  ensure  uniformity  in  the  size  of  the  cakes  of  seed,  to 
mould  it  by  a  gentle  pressure  into  a  level  cake,  so  that  the 
press  is  not  subject  to  any  undue  strain  due  to  inequalities  in 
the  cakes,  while  there  is  secured  a  greater  output  from  the 
presses  and  a  better  yield1  of  oil.  The  hot  seed  is  allowed  to 


FIG.  38.  Oil  Cake  Moulding  Machine. 

fall  from  the  kettle  into  a  measuring  box,  which  always 
ensures  an  uniform  quantity  of  seed  being  used.  A  tray 
covered  with  a  sheet  of  woollen  cloth  is  next  placed  on  the 
table  of  the  moulding  machine  and  surrounded  by  a  frame. 
Into  the  mould  thus  formed  the  seed  is  placed,  and  formed 
into  a  smooth  cake.  The  tray  and  its  contents  are  then 
pushed  under  the  die  of  the  moulding  machine,  when  a  cam 
is  brought  into  action,  and  the  die  caused  to  fall  upon  the 
seed  and  compress  it  to  a  thickness  of  three  inches  or  even 
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less  ;  the  pressure  being  maintained  for  about  half  a  minute, 
when  the  die  rises  and  the  cake  of  seed  is  removed  and  sent 
into  the  hydraulic  press.  By  the  use  of  the  moulding 
machine  a  larger  number  of  cakes  can  be  dealt  with  in  the 
press  at  one  time.  A  cake  of  unpressed  seed  has  a  thickness 
of  about  eight  inches,  while  the  moulded  seed  has  a  thickness 


FIG.  39.  Hydraulic  Oil  Press. 

of  about  three  inches,  and  so  a  press  will  take  rather  more 
than  twice  as  much  moulded  seed  as  unmoulded  seed. 

Fourth,  Pressing.  This  is  the  final  operation  of  either  the 
Anglo-American  or  the  English  system,  although  in  either 
case  the  oil  after  it  flows  from  the  press  has  to  undergo  a 
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Tefining  operation  before  it  can  be  sent  into  the  market  for 
sale.  The  hydraulic  press  has  undergone  some  changes  in 
detail  since  it  was  first  applied  to  the  pressing  of  oil ;  but  it 
is  not  intended  here  to  give  any  historical  sketch  of  these 
changes,  as  space  does  not  admit  of  it. 

Figure  39  shows  the  latest  form  of  hydraulic  press  for  oil 
pressing  short  of  the  pumps  which  are  necessary  to  work 
the  press.  The  hydraulic  press  consists  of  a  very  strong 
cast-iron  foundation,  in  which  works  a  ram  connection  with 
•a  strong  iron  movable  plate.  This  plate  moves  up  and 
down  between  stout  iron  standards,  which  also  form  supports 


FIG.  40.  Oil  Cake  Moulds. 

for  a  very  strong  iron  casting.  Between  the  movable  bottom 
plate  and  the  top  are  arranged  a  number  of  corrugated  iron 
plates,  which  receive  the  cakes  of  seed  to  be  pressed. 

The  cakes  of  seed  as  they  come  from  the  moulding 
machine  are  placed  in  a  pair  of  iron  covers  like  a  book  back 
{see  Figure  40),  and  into  the  press.  This  does  away  with  the 
hairs  which  were  used  in  the  old  system,  which  are  very 
expensive  to  use  owing  to  the  damage  which  the  press  does 
to  them  in  breaking  them.  The  press  may  be  made  in 
various  sizes  to  suit  the  particular  requirements  of  the  oil 
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miller,  from  a  small  press  capable  of  pressing  four  cakes  at 
once  to  one  taking  twelve  to  fourteen  cakes. 

Two  sets  of  pumps  are  usually  supplied  with  each  press, 
one  to  give  a  pressure  of  about  700  to  800  Ibs.  per  square- 
inch,  while  the  other  set  will  give  a  pressure  of  two  tons. 

At  first  the  lower  pressure  is  applied  for  about  fifteen  to 
twenty  minutes,  during  which  the  great  bulk  of  the  oil  will 
flow  out.  Then  the  higher  pressure  is  put  to  complete  the 
extraction  of  the  oil,  which  will  take  a  further  five  to  ten 
minutes.  The  oil  flows  out  of  the  sides  of  the  seed  into  the 
corrugations  on  the  iron  plates  and  into  channels  which  are 
provided  for  it  to  flow  away  to  a  storage  or  receiving  tank 
placed  about  the  base  of  the  press. 

Usually  from  two  to  four  presses  are  included  in  one  oil 
plant,  as  the  other  portions  of  the  plant  are  quite  capable  of 
keeping  more  than  one  press  at  work. 

It  is  obvious,  of  course,  that  the  output  from  the  oil  press 
will  vary  very  considerably  owing  to  the  varying  size  of  the 
presses  and  also  of  the  seed  which  is  being  pressed.  For 
while  a  press  can  work  through  five  charges  per  hour  of 
linseed,  it  will  only  do  three  of  rape  seed  and  four  of  cotton 
seed  in  small  size  presses.  Larger  presses,  working  perhaps 
250  to  320  Ibs.  of  seed  at  one  charge,  will  work  through 
three  to  four  charges  in  three  hours.  The  size  of  the  cake 
of  seed  also  varies  with  the  size  of  the  press. 

As  a  rule  seeds  are  only  passed  once  through  the  press,. 
but  there  are  a  few,  such  as  rape  and  gingelly  seed,  where 
the  seed  is  crushed  twice,  the  cake  obtained  in  the  first 
pressing  being  reground  and  reheated  with  a  little  additional 
water  before  being  again  pressed.  Further,  what  was. 
originally  pressed  in  two  presses  is  spread  in  the  second 
pressing  over  three  presses. 

Some  oil  seeds,  castor  seeds,  cotton  seeds,  arachis  seeds, 
etc.,  have  a  very  hard  shell,  besides  being  of  large  size.  It  is- 
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necessary  for  the  better  extraction  of  the  oil  that  the  shell  or 
husk  be  removed ;  this  is  effected  by  means  of  a  machine 
known  as  a  decorticator,  the  operation  being  known  as 
"  decorticating  ".  Such  a  mill  adapted  for  the  treatment  of 
castor  oil  seeds  by  hand,  although  they  may  be  made  to- 
work  by  steam,  is  shown  in  Figure  41.  These  mills  have  a. 


FIG.  41.  Castor  Seed  Decorticator. 

pair  of  revolving  cylinders  carrying  blades  fixed  at  a  particular 
distance  apart,  this  distance  being  dependent  upon  the  seed, 
which  is  being  treated,  castor  oil  seed  requiring  a  different 
distance  than  arachis  nuts  and  so  on.  The  knives  just  cut 
the  seed  and  allow  the  kernels  to  fall  out,  then  by  winnowing 
the  husks  may  readily  be  separated.  In  Figure  42  is  shown 
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ut  A  castor  oil  seed  before  treatment,  at  B  the  husk,  and  at 
O  the  white  kernel  ready  for  the  crushing  mills. 

There  is,  of  course,  a  great  difference  in  the  quantity  of 
oil  which  is  yielded  by  different  seeds.  It  is  found  prefer- 
uble  in  the  case  of  seeds  which  give  but  poor  yields  to  use  a 
smaller  quantity  of  seed  in  each  charge  than  is  done  with 
seeds  which  are  rich  in  oil. 

In  some  cases,  such  as  castor  and  olive  oils,  the  seed  is 
subjected  to  two  or  three  distinct  crushings,  yielding  oil  of 
several  qualities.  First  the  seed  is  crushed  cold  when  what 
is  known  as  "  cold  drawn  "  or  "  virgin  oil  "  is  obtained  ;  then 
the  seed  is  heated  and  reground,  when  what  is  called 


B.  C 

FIG.  42.  Castor  Seeds. 

"  second  pressure  "  oil  is  obtained  ;  finally,  the  seed  is  warmed 
with  water  and  again  pressed,  when  a  third  quality  of  oil  is 
obtained. 

In  the  case  of  oils  which,  like  coconut  and  palm  nut  oils, 
are  solid  at  the  ordinary  temperature,  it  is  customary  to  heat 
the  presses  so  as  to  make  the  oils  fluid.  In  winter,  too,  it  is 
-desirable  to  work  with  heated  presses. 

The  oil  cake  after  coming  from  the  press  is  passed  to  a 
paring  machine,  where  the  edges  are  trimmed  to  make  the 
•cake  rather  more  presentable  and  therefore  more  marketable. 
The  parings  are  sent  back  to  the  crushing  rolls  to  be  worked 
through  with  the  next  batch  of  seed. 
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Name  of  Oil,  etc. 

Botanical  Name  of 
Plant. 

Native  Country. 

Percentage  Yield 
of  Oil. 

Almond  .... 

Amygdalus          com- 

Mediterranean 

48  to  50 

munis 

Countries 

Arachis     (Earth- 

Arachis  hypogaea 

India,    Western 

43  to  45 

nut,  Peanut,  or 

Africa 

Groundnut) 

Ben   

Moringa  oleifera  . 

India,  Egypt 

35  to  36 

Castor    .     .     .     . 

Ricinus  communis    . 

East  Indies   .     . 

American,  46  to  49 

Indian,  51  to  53 

Coconut.   ,.     .     . 

Cocos  nucifera      .     . 

Tropical     Coun- 

40 to  45 

tries 

Colza  (Rape)  .     . 

Brassica  campestris  ; 

Europe      .     .     . 

33  to  43 

B.  napus  ;  B.  rapa  ; 

B.  napobrassica 

Cotton  Seed    .     . 

Gossypium     herba- 

Asia,          Africa, 

24  to  26 

ceum 

America 

Laurel  Butter 

Laurus  nobilis      .     . 

South  Europe    . 

24  to  26 

Linseed  .... 

Linum  usitatissimum 

Europe,  Asia 

38  to  40 

Maize     .... 

Zea  mais      .... 

America    .     .     . 

6  to  10 

Mustard        Seed 

Sinapis  alba     .     .     . 

Europe      .     .     . 

25  to,  26 

(White) 

Nut  (Walnut)     - 

Juglans  regia  .     .     . 

Persia,  Himalaya 

63  to  65 

Niger  (Ramtil)    . 

Guitia  oleifera      .     . 

Abyssinia,  India 

40  to  45 

Olive      .... 

Olea  Europea       .     . 

Southern  Europe 

Pulp,  40  to  60 

Kernels,  12  to  15 

Palm     .... 

Elais  guineensis  .     . 

West  Africa  .     . 

Pulp  or  Pericarp, 

65  to  72 

E.  melanococca    .     . 

South  America  . 

Kernels,  45  to  50 

Poppy  Seed     .     . 

Papaver  somniferum 

Asia  Minor    .     . 

Blue,  48  to  50 

White,  41  to  45 

Sesame  (Gingelly) 

Sesamum  indicum    . 

India,      Levant, 

50  to  57 

Antilles,  etc. 

Sunflower  Seed  . 

Helianthus  annuus  . 

Mexico,  Peru 

21  to  22 

KEFINING  AND  CLARIFYING  OILS.  The  oils  as  they 
come  from  the  oil  press  are  usually  cloudy  in  appearance, 
contain  much  colouring  matter,  moisture  and  extraneous 
vegetable  tissue,  from  which  it  is  desirable  they  should  be 
freed. 

The  oil  as  it  comes  from  the  press  should  be  run  into 
large  tanks,  which  are  kept  at  about  100°  F.,  in  which  it 
is  allowed  to  remain  for  some  time.  The  water  and  solid 
vegetable  matter  settles  down,  leaving  the  oil  bright  and 
clear.  This  process  is  however  a  slow  one,  and  the  oil 
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presser  often  does  not  care  to  keep  his  oils  so  long,  and 
therefore  must  adopt  a  quicker  process. 

Sometimes  oils  are  clarified  by  adding  to  them  from  5  to 

10  per  cent,  of  their  weight  of  fuller's  earth,  heating  the 
mixture  to  about  150°  F.,  and  maintaining  it  at  that  heat  for 
half  an  hour  to  an  hour,  stirring  well  all  the  time.     Then  the 

011  is  allowed  to  stand  for  about  twenty-four  to  thirty  hours 
to  settle  out.     The  fuller's  earth  carries  down  with  it  all  the 
impurities  in  suspension,  and  at  the  same  time  exerts  a  more 
or  less  bleaching  action  on  the  oil.     The  same  quantity  of 
fuller's  earth  may  be  used  several  times,  especially  if  its 
function  is  simply  that  of  a  clarifying  agent.     Where  how- 
ever it  is  employed  as  a  bleaching  agent,  it  must' be  replaced 
with  fresh  material  from  time  to  time.     The  fuller's  earth 
absorbs  a  large  proportion  of  oil,  which  should  be  removed  by 
treatment   with  benzoline  or  benzene  before  it  is  thrown 
away. 

Where  large  quantities  of  oil  are  to  be  dealt  with,  it  is  a 
good  plan  to  use  fuller's  earth  combined  with  a  filter  press. 
The  oil  is  heated  with  2  to  3  per  cent,  of  its  weight  of  fuller's 
earth,  as  described  above ;  then  the  oil  is  sent  through  a 
filter  press,  which  removes  the  earth  and  the  solid  impurities 
in  the  oil.  Special  forms  of  filter  press  are  made  for  dealing 
with  oils. 

Figure  43  represents  a  filter  press  made  by  Dehne  of 
Halle,  Germany,  which  is  well  adapted  for  pressing  oils. 
These  filter  presses  are  easy  to  use,  while  they  are  efficient 
in  operation. 

It  is  quite  possible  when  using  a  filter  press  to  render 
oils,  while  not  quite  perfect,  yet  sufficiently  so  to  be  market- 
able, very  quickly  by  sending  the  oil  as  it  comes  from  the 
hydraulic  press  through  the  filter  press.  The  oil  comes  out  of 
the  latter  fairly  bright  and  clear,  and  will  find  a  ready  sale. 
The  solid  matter  which  is  filtered  out  is  returned  to  the 
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kettle  to  be  worked  up  with  the  next  batch  of  seed.  By  this 
method  of  working  there  is  produced  nothing  but  oil  and 
cake,  no  "  foots  "  of  any  kind  being  formed. 

Besides  fuller's  earth,  there  have  been  used  in  clarifying 
oils  other  solid  matters,  such  as  china  clay,  infusorial  earth, 
-etc.,  which  act  mechanically  by  carrying  down  the  solid 
matter  in  suspension  and  absorb  the  moisture  in  the  oil,  and 
.so  leave  the  latter  clear  and  bright. 
-  Various  processes  have  been  devised  for  refining  oils  by 


FIG.  43.  Oil  Filter  Press. 


chemical  means ;  the  two  agents  most  commonly  used  being 
sulphuric  acid  and  caustic  soda.  The  general  method  of 
using  these  bodies  will  be  detailed. 

REFINING  OILS  BY  SULPHURIC  ACID.  Sulphuric  acid 
has  a  powerful  action  on  all  organic  bodies,  chiefly  owing  to 
its  great  affinity  for  water,  which  imparts  to  it  dehydrating 
properties.  As  regards  its  employment  in  refining  oils,  its 
virtue  depends  on  the  fact  that  the  extraneous  vegetable 
matters  found  in  crude  oils  are  more  easily  acted  upon  by 
the  acid  than  is  the  oil  itself.  Too  much  acid  must  not 
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however  be  used,  or  otherwise  there  is  risk  of  it  acting  on 
the  oil  and  thus  leading  to  loss.  The  usual  plan  of  treating 
oils  is  to  place  the  oil  in  a  suitable  receptacle,  a  copper  tank 
or  iron  pan,  which  should  either  contain  a  steam  coil  or, 
better  still,  be  jacketed ;  means  of  agitating  the  oil  and  acid 
together  should  be  provided,  which  may  take  the  form  of  a 
mechanical  agitator,  or  a  current  of  air  may  be  blown  in 
during  the  operation.  It  is  advisable  for  the  bottom  of  the 
tank  to  be  made  conical  for  the  purpose  of  a  more  effectual 
separation  of  the  oil  and  acid,  and  a  tap  provided  at  the 
bottom  of  the  cone  for  the  purpose  of  running  off  the  acid 
which  collects.  Many  modifications  of  the  process  have 
been  published  from  time  to  time.  It  will  however  be  found 
that  the  details  will  have  to  be  varied  according  to  the  oil 
which  is  being  treated.  Some  oils  come  from  the  presses 
much  purer  than  others.  Such  oils  will  require  a  less  severe 
treatment  than  those  which  contain  a  large  proportion  of 
vegetable  matter.  Strong  sulphuric  acid  should  never  be 
used ;  its  action  is  too  severe,  and  cannot  well  be  controlled. 
It  is  always  advisable  to  use  a  mixture  of  sulphuric  acid  and 
water — the  proportion  may  vary  according  to  the  oil  which  is 
being  treated — 1  of  acid  to  1  of  water  is  a  very  good  ratio, 
while  some  oils  may  require  an  even  weaker  acid  than  this. 
Hartley  recommends  for  linseed  oil,  1  of  acid  to  2  of  water ; 
if  the  oil  be  very  impure  then  the  ratio  2  of  acid  to  1  of 
water  may  be  used. 

The  oil  to  be  treated  is  run  into  the  tank  and  heated  to 
about  110°  to  115°  F. ;  the  latter  temperature  should  never 
be  exceeded,  while  it  may  happen  that  lower  temperatures 
than  110°  F.  may  be  used.  Then  the  mixture  of  oil,  acid, 
and  water  is  added  with  constant  agitation  and  in  a  slow 
stream  to  the  oil.  The  proportion  used  must  vary  according 
to  circumstances,  sometimes  1  per  cent,  of  strong  acid  will 
be  sufficient,  in  other  cases  3  per  cent,  may  be  used.  The 
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last-named  quantity  should  however  not  be  exceeded.  It 
would  be  better  to  give  the  oil  two  treatments  with  a  smaller 
proportion  of  acid.  The  oil  and  acid  are  thoroughly  stirred 
together  for  about  half  an  hour,  then  the  mass  is  allowed  to 
rest  for  twenty-four  hours.  At  the  end  of  this  time  6  or  7 
gallons  of  warm  water  at  150°  F.  for  every  10  gallons  of  oil 
treated  are  mixed  with  the  oil,  and  then  the  mass  is  allowed 
to  stand  for  some  days  until  a  perfect  separation  of  oil  and 
acid  liquor  takes  place.  The  oil  is  drawn  off  and  washed 
again  with  water  to  free  it  from  all  traces  of  acid.  The  acid 
"  foots,"  as  they  are  called,  are  run  away. 

This  method  of  refining  is  applicable  to  almost  all  seed 
oils,  and  is  largely  used  in  connection  with  linseed  oil,  rape 
oil,  colza  oil,  nut  oil,  and  also  with  fish  oils.  If  it  be  used 
with  any  oils  intended  for  lubricating  machinery,  it  is 
necessary  that  the  oil  should  be  well  washed  with  water 
to  free  it  from  all  traces  of  the  acid  used  in  refining,  which 
if  left  in  might  have  a  deleterious  action  on  the  metal  of 
the  bearings  to  which  it  is  applied. 

The  acid  treatment  will  not  affect  any  free  fatty  acid 
which  the  oil  may  contain ;  any  such  will  be  left  in  the  oil 
after  the  treatment  is  finished. 

It  has  been  recommended  to  use  a  strong  solution  (100°  to 
130°  Twaddell)  of  zinc  chloride,  using  from  1J  to  2  per  cent, 
of  the  oil.  This  has  no  action  on  the  oil  itself,  but  it 
dehydrates  it  and  coagulates  all  albuminous  and  vegetable 
matter  the  oil  contains.  It  costs  more  to  refine  oils  by  zinc 
chloride  than  by  sulphuric  acid. 

KEFINING  OILS  BY  CAUSTIC  SODA.  A  good  many  oils 
are  refined  by  using  caustic  soda,  in  fact  some,  cotton  seed 
oil  for  example,  cannot  well  be  refined  by  other  means,  while 
to  obtain  certain  qualities  of  oil  an  alkaline  treatment  to 
free  the  oil  completely  from  acid  constituents  is  necessary. 
Colza  oil,  for  instance,  is  much  used  for  illuminating 
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purposes ;  if  it  contains  any  notable  proportion  of  free  acid 
it  is  rendered  unsuitable  for  this  purpose,  hence  an  alkaline 
refining  process  is  needful  to  be  used  with  colza  and  other 
burning  oils. 

Alkaline  processes  not  only  free  the  oil  from  extraneous 
vegetable  matter,  but  they  remove  any  traces  of  resin,  acid 
and  colouring  matters  which  the  oil  may  contain,  leaving  a 
perfectly  neutral  and  pure  oil.  Greater  care  is  required  in 
carrying  out  an  alkaline  process  than  is  required  for  an  acid 
process.  This  is  due  to  the  fact  that,  while  the  acid  has 
no  material  action  on  the  oil  itself,  and  therefore  little  loss 
is  likely  to  take  place,  the  alkali  has  some  action  in  the 
direction  of  saponifying  the  oil,  and  thereby  a  loss  may 
occur.  On  the  other  hand,  while  the  foots  obtained  with  the 
acid  treatment  are  useless,  those  obtained  from  the  alkali 
process  may  be  made  use  of. 

The  process  is  comparatively  simple.  The  oil  to  be 
treated  is  run  into  a  suitable  vessel ;  an  iron  tank  serves  very 
well.  The  requisite  quantity  of  caustic  soda  lye  is  added, 
and  the  whole  thoroughly  agitated  together  for  some  time  and 
then  allowed  to  settle,  an  operation  which  may  take  some 
time,  when  two  layers  will  form,  one  of  a  watery  fluid  con- 
taining much  soapy  foots,  the  other  of  clear  oil.  The  watery 
fluid  is  drawn  off  into  a  tank,  fresh  weak  alkali  is  run  in,  and 
the  mass  treated  as  before,  after  which  the  purified  oil  is  well 
washed  with  water  to  free  it  from  alkali. 

The  strength  and  proportion  of  alkaline  solution  used  will 
depend  upon  the  character  of  the  oil  to  be  treated.  With 
all  ordinary  oils  a  lye  of  8°  to  12°  Twaddell  may  be  used. 
Crude  cotton  seed  oil  requires  a  stronger  lye,  one  of  from  15° 
to  20°  Twaddell,  while  coconut  oil  can  be  refined  with  a  lye 
of  about  5°  to  6°  Twaddell.  The  quantity  used  will  depend 
upon  the  amount  of  acidity  of  the  oil  which  is  being  treated, 
the  quantity  of  resinous  matter  it  may  contain,  and  the 
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amount  of  colouring  matter.  Hence  few  rules  can  be  given 
as  regards  quantity  of  alkali  to  be  used.  Generally  a  half 
to  one  per  cent,  of  caustic  soda  will  suffice. 

Occasionally  trouble  arises  from  the  formation  of  emul- 
sions which  prevent  the  proper  separation  of  the  oil  from  the 
alkaline  liquor.  When  this  happens  it  is  best  to  add  a  little 
solution  of  salt,  sufficient  to  throw  out  the  oil. 

In  some  cases  the  oil  has  been  treated  with  soda  crystals 
melted  by  heat  in  their  water  of  crystallisation.  After 
being  well  mixed  the  mass  is  allowed  to  stand,  when,  as  a 
rule,  it  easily  separates  into  three  layers,  one  of  oil,  the 
second  of  soapy  matter,  and  the  third  of  watery  liquid. 

When  the  oil  is  fairly  free  from  mucilaginous  matters,  and 
is  of  poor  quality  in  consequence  of  its  containing  much  free 
fatty  acid,  this  may  be  removed  by  agitating  the  oils  with  a 
weak  solution  of  caustic  soda  or  of  carbonate  of  soda,  but 
usually  it  will  be  found  easier  to  treat  them  with  milk  of 
lime  or  with  magnesia,  followed  by  filtering  from  the  lime  or 
magnesia  soaps  which  are  formed. 

In  describing  the  various  oils  special  note  will  be  given 
to  the  methods  of  refining  them. 

In  the  section  relating  to  olive  oil  will  be  found  a  de- 
scription of  an  apparatus  for  separating  oil  from  water. 

Oil  Foots.  In  the  alkali  method  of  refining  oils  a  large 
quantity  of  "foots"  is  formed.  These  may  be  utilised  in 
various  ways  according  to  their  character.  One  very  good 
method  is  to  work  them  up  for  soap  making  in  conjunction 
with  other  fats.  Cases  however  occur  where,  owing  to  their 
being  strongly  coloured  as  in  the  case  of  cotton  oil  foots,  this 
cannot  be  done.  The  best  plan  of  dealing  with  such  is  to 
decompose  the  foots  by  weak  sulphuric  acid  and  distil  the 
liberated  fatty  acids,  etc.  There  is  then  obtained  a  distillate 
containing  glycerine  (from  any  undecomposed  glyceride 
which  may  be  present  in  the  foots)  and  fatty  acid.  The 
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residue  in  the  retort  takes  the  form  of  "pitch,"  and  will 
consist  of  the  resinous  matter  present  in  the  foots.  The 
fatty  acids  which  are  obtained  are  not  quite  pure,  but  con- 
tain small  quantities  of  hydrocarbon  bodies  produced  by 
decomposition  of  the  fatty  matter  by  the  heat  employed  in 
distilling. 

Other  processes  for  refining  oils  have  been  devised,  but 
those  just  described  are  what  are  in  common  use  in  oil 
refineries. 

BLEACHING  OF  FATS  AND  OILS. 

As  obtained  by  the  processes  described  above,  the  oils 
and  fats  are  often  more  or  less  coloured.  In  vegetable  oils 
this  colour  is  necessarily  due  to  the  presence  of  natural 
organic  colouring  matters,  chlorophyll,  erythrophyll,  etc., 
present  in  solution  in 'the  oil.  Linseed  oil,  brown  rape  oil, 
palm  oil,  are  examples  of  such  oils  which  are  strongly 
coloured.  Very  often  in  the  processes  of  refining,  such  as 
have  been  described  above,  a  large  proportion  of  the  colour- 
ing matters  is  removed,  but  traces  of  them  will  remain  in 
the  refined  oils.  Animal  oils  and  fats  are  usually  free  from 
colour.  Any  such  that  may  be  present  is  generally  due  to 
exceptional  circumstances. 

There  are  a  number  of  ways  by  which  the  colour  can  be 
removed  from  oils.  A  process  which  may  give  good  results 
with  one  oil  may  not  do  so  with  another.  In  some  cases  it  is 
sufficient  to  agitate  the  oil  at  a  temperature  of  120°  F.  with 
animal  charcoal,  followed  by  filtration.  Blowing  hot  air 
through  will  in  some  cases  (palm  oil)  destroy  the  colour. 
Air  and  light  bleaching  are  sometimes  resorted  to,  but  in 
some  cases  it  is  necessary  to  make  use  of  chemical  reactions* 

BLEACHING  BY  HOT  Am.  By  blowing  a  current  of  hot 
air  at  about  130°  F.  many  fats  and  oils  can  be  decolorised. 
Tallow,  lard,  and  palm  oil  may  be  treated  in  this  way.  It 
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is  not  desirable  that  the  action  should  be  prolonged,  or 
otherwise  there  is  some  risk  of  the  oxidation  of  the  oil.  It 
is  important  that  the  air  should  be  dry. 

Figure  44  is  a  drawing  of  an  apparatus  made  for  bleach- 
ing palm  oil  by  air  devised  by  Messrs.  Korting  Bros.  This 
consists  of  a  cylindrical  vessel  of  any  convenient  size  to  suit 
the  quantity  of  fat  that  is  being  treated.  K  is  a  closed 
steam  coil  by  means  of  which  the  fat  can  be  heated  up  to 
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FIG.  44.  Korting  Brothers'  Apparatus  for  Bleaching  Palm  Oil. 


any  required  degree.  E  is  a  tube  open  at  the  top  and  ter- 
minating in  a  ring  at  the  bottom  inside  the  vessel,  this  ring 
having  perforations.  H  is  a  draw-off  valve.  C  is  an  injector 
worked  by  steam  which  enters  at  A.  B  is  the  regulating  valve. 
By  the  action  of  the  injector  air  is  drawn  from  the  upper 
part  of  the  vessel,  and  therein  creates  a  vacuum  which  is 
filled  by  air  being  drawn  in  through  E  from  the  outer  atmo- 
sphere and  which  rises  in  bubbles  through  the  fat,  bleaching 
it.  The  operation  is  comparatively  simple,  and  is  continued 
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until  a  sample  of  the  oil  drawn  from  H  shows  that  the 
bleaching  has  been  carried  far  enough.  It  may  be  mentioned 
that  the  top  of  the  vessel  is  fitted  with  a  tight-fitting  cover 
so  that  it  may  be  hermetically  sealed  up. 

BICHROMATE  OF  POTASH  PROCESS.  Watts  has  devised  a 
process  for  the  bleaching  of  oils  by  means  of  bichromate  of 
pptash,  which  is  largely  used,  especially  for  bleaching  palm 
oil.  It  is  carried  out  in  the  following  manner  :  The  oil  to  be 
bleached  is  heated  at  about  120°  to  130°  F.,  then  a  quantity 
of  bichromate  of  potash,  about  22  to  28  Ibs.  per  ton  of  fat,  pre- 
viously dissolved  in  a  little  water  is  thoroughly  mixed  with 
the  fat,  then  hydrochloric  acid  to  the  extent  of  about  2  or 
2J  per  cent,  of  fat  is  added  and  also  thoroughly  mixed  with 
the  material.  In  the  case  of  bleaching  palm  oil,  the  reddish 
orange  colour  changes  first  to  a  brownish  green,  and  finally 
to  a  light  green,  the  entire  operation  only  taking  a  few 
minutes.  Wet  steam  is  now  blown  through  for  a  few 
minutes,  and  then  it  is  allowed  to  stand  for  some  hours. 
The  bleached  oil  is  separated  out  and  is  skimmed  off,  and 
then  washed  with  clean  water  to  take  out  all  traces  of  acid 
and  chrome.  Instead  of  hydrochloric  acid,  sulphuric  acid 
may  be  used,  but  it  does  not  give  good  results.  This  process 
can  also  be  used  for  other  fats  and  oils. 

CHLORINE  PROCESS.  Chlorine  is  a  powerful  bleaching 
agent  which  may  be  employed  for  the  purpose  of  bleaching 
fats  and  oils.  It  is  necessary,  however,  that  great  care 
should  be  taken  in  using  it  on  account  of  the  fact  that 
chlorine  is  a  colouring  agent  in  oils  and  fats,  excess  re- 
sulting in  the  formation  of  products  which  have  deleterious 
effects  upon  them.  The  most  convenient  plan  of  working 
is  to  mix  the  fat  with  a  solution  of  bleaching  powder, 
using  about  2  Ibs.  to  1  ton  of  fat  or  oil,  then  about 
three  times  the  quantity  of  hydrochloric  acid  is  added, 
and  the  whole  stirred  together  ;  then  the  mixture  is  allowed  to 
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settle,  the  fat  taken  off,  and  the  acid  liquor  run  away.  One 
advantage  of  the  chlorine  process  is  that  it  acts  as  a  deodo- 
riser to  rancid  fats.  In  the  case  with  fats  and  oils  which  are 
strongly  coloured,  it  is  advisable  to  give  them  two  treatments 
rather  than  to  attempt  to  bleach  them  at  one  operation. 

In  place  of  using  bleaching  powder  there  may  be  em- 
ployed potassium  chlorate  at  the  rate  of  2  to  4  Ibs.  per  t$n 
of  fat ;  about  twice  the  quantity  of  hydrochloric  acid  is  added, 
and  the  operation  done  at  a  temperature  of  150°  F. 

SUN  BLEACHING.  This  is  commonly  carried  out  by 
exposing  the  oils  and  fats  in  colourless  glass  bottles  to 
sunlight.  From  time  to  time  the  oil  or  fat  is  poured 
from  one  bottle  to  another  with  a  view  to  exposing  fresh 
portions  to  the  action  of  the  sunlight.  This  method  is 
slow  but  is  often  employed,  especially  for  castor  and  other 
oils  used  for  medicinal  or  food  purposes.  The  processes 
above  described  are  those  which  are  commonly  employed 
in  bleaching  oils  and  fats.  Different  refiners,  however, 
have  various  modifications  of  different  processes,  which 
have  been  found  to  work  well  with  the  plant  and 
appliances  they  have  in  use.  Such  modifications  are  often 
regarded  as  "  trade  secrets  ". 

In  the  two  books  on  Animal  Oils  and  Vegetable  Oils, 
by  L.  E.  Andes,  published  by  Messrs.  Scott,  Greenwood 
&  Co.,  other  processes  of  bleaching  fats  are  described. 

SOLVENT  EXTRACTION  PROCESSES. 

All  oils  and  fats  are  soluble  in  such  bodies  as  ether, 
carbon  bisulphide,  benzoline,  benzol,  carbon  tetrachloride, 
etc.  This  property  is  taken  advantage  of  in  both  the 
laboratory  and  on  the  large  scale  for  the  purpose  of 
extracting  fats  and  oils  from  substances  containing  them. 
In  the  chapter  on  the  analysis  of  fats  and  oils,  descrip- 
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tions  of  the  methods  used  in  the  laboratory  will  be  found. 
Here  will  be  described  such  methods  as  are  used  on  a 
large  scale.  The  principle  on  which  all  such  apparatus 
works  is  that  of  treating  the  fat-containing  substance 
with  the  solvent  in  a  suitable  vessel,  then  to  run  the 
solution  into  a  still  or  retort  and  distil  off  the  solvent  by 
any  means.  The  fat  remains  behind  in  the  still,  while  the 
solvent  is  recovered  and  used  over  again.  The  best  possible 
solvent  is  one  that  has  great  solvent  properties  for  oils, 
can  be  distilled  completely  by  means  of  steam,  is  free  from 
odour  and  non-inflammable.  The  only  substance  among 
those  named  above  which  answers  these  conditions  entirely 
is  carbon  tetrachloride,  but  unfortunately  it  is  expensive. 

Benzoline  is  commonly  used  for  this  purpose.  It  is 
light,  has  strong  solvent  action  on  oils,  and  is  cheap. 
It  has  one  disadvantage,  it  does  not  entirely  volatilise  by 
means  of  steam,  consequently  there  is  a  tendency  for  a 
little  of  the  benzoline  to  remain  behind  in  the  oil ;  again, 
it  is  very  inflammable,  and  great  care  is  needed  in  the 
working  with  this  solvent.  Carbon  bisulphide  is  one  of 
the  best  solvents  to  use.  It  is  volatile  at  the  temperature 
of  boiling  water.  Being  heavier  than  water  it  can  be  kept 
in  tanks  under  water,  thereby  reducing  the  risk  of  danger 
from  explosion  or  fire.  It  has  unfortunately  rather  a 
noxious  odour,  which  makes  it  unpleasant  to  work  with. 
This  odour  is  however  largely  due  to  impurities  that  are 
due  to  the  materials  from  which  the  carbon  bisulphide 
is  made.  By  repeated  use  this  odour  becomes  less  offensive 
and  unpleasant. 

Benzol  is  an  hydrocarbon  obtained  during  the  distillation 
of  coal  tar.  It  is  freely  volatile  at  the  temperature  of 
boiling  water,  and  has  strong  solvent  properties.  It  is 
highly  inflammable,  and  therefore  great  care  must  be  taken 
in  working  with  it. 
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DIETZ  APPABATTJS.  A  very  convenient  form  of  appara- 
tus for  the  extraction  of  oil  by  bisulphide  is  that  of  Dietz,  as 
shown  in  Figure  45.  This  consists  of  an  extraction  tank  B, 
in  which  is  placed,  between  perforated  plates  at  top  and 
bottom,  the  material  from  which  the  oil  is  to  be  extracted ; 
by  means  of  a  pump,  carbon  bisulphide,  contained  under 
water  in  the  tank  A,  is  passed  through  the  extractor  and  so 


FIG.  45.  Dietz  Apparatus  for  Extracting  Oils. 

abstracts  the  oil  from  the  material ;  from  the  extractor,  the 
carbon  bisulphide  containing  the  oil  flows  into  the  still  or 
retort  D,  where  the  carbon  bisulphide  is  distilled  off  by 
steam,  and  is  condensed  in  the  coil  condenser  and  flows  back 
into  tank  A  to  be  used  over  again.  Kesidual  oil  left  in  the 
still  D  is  run  off  from  time  to  time  by  means  of  a  discharge 
pipe.  This  plant  is  small  and  easy  to  work. 
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Figure  46  is  a  drawing  of  a  small  plant  which  can  be- 
made  in  any  convenient  size  and  used  with  any  kind  of  sol- 
vent. It  consists  of  three  portions.  First,  the  centre  vessel 
which  forms  the  extractor.  The  material  is  put  in  at  the 
top,  which  is  fitted  with  a  lid  which  can  be  hermetically 


FIG.  46.  Oil  Extracting  Plant. 

closed.  In  this  extractor  there  is  also  a  perforated  false 
bottom,  on  which  the  fatty  materials  are  placed.  Under 
this  is  a  retort  or  still  which  can  be  heated  by  steam.  This 
still  communicates  with  the  extractor  by  means  of  a  tube, 
which  proceeds  from  the  bottom  of  the  extractor  and  rise& 
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up  alongside  it  to  nearly  three-fourths  of  its  height,  and 
then  turns  down  and  enters  into  the  still,  ending  near  the 
bottom.  From  the  top  of  the  still  a  pipe  passes  to  a  con- 
denser placed  above  the  extractor,  the  end  of  the  condenser 
worm  passing  into  the  top  of  the  extractor.  This  plant  is 
used  in  the  following  way :  The  fatty  material  is  placed  in 
the  extractor  and  the  required  quantity  of  solvent  in  the 
still ;  by  means  of  a  steam  coil  the  solvent  is  volatilised  and 
passes  into  the  condenser,  where  it  is  condensed,  and  flows 
as  a  liquid  into  the  extractor ;  here  it  gradually  accumulates, 
dissolving  out  the  fat  until  its  level  rises  above  the  level  of 
the  bend  in  the  syphon  tube,  when  it  flows  into  the  still ; 
here  it  gets  volatilised  again  and  passes  through  the  same 
cycle  of  changes.  The  fatty  matter  which  it  had  in  solution, 
however,  is  left  behind  in  the  still  and  can  be  run  off  from 
time  to  time,  as  required,  through  a  discharge  pipe  placed 
on  the  bottom  of  the  still. 

Another  method  of  extracting,  using  benzoline,  is  to 
have  two  large  upright  boilers  side  by  side.  Each  is  divided 
into  three  portions  by  partitions — the  middle  portion  is  the 
extractor  and  is  provided  with  two  manholes,  one  at  the  top 
for  charging,  the  other  at  the  bottom  for  discharging ;  the 
lower  portion  forms  the  still  and  is  fitted  with  steam  pipes  ; 
the  top  portion  contains  a  condensing  arrangement.  This 
apparatus  is  used  in  the  following  manner :  The  extractors 
are  filled  with  the  oily  material.  Benzoline  is  placed  in  the 
still  of  one  and  is  vaporised  by  means  of  a  steam  coil;  the 
vapour,  passing  upwards  into  the  condenser  of  the  other 
boiler,  is  there  condensed  to  a  liquid  and  flows  down 
through  the  oily  material  into  the  still,  carrying  with  it  the 
oil.  When  all  the  benzoline  has  been  vaporised  off  from 
the  original  still,  the  action  is  reversed  and  the  benzoline 
distilled  back  again ;  the  oil  it  held  in  solution  is,  however, 
left  behind  in  the  still.  The  action  is  allowed  to  go  on 
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until  all  the  oil  is  removed  from  the  raw  material.  This  is 
then  run  off  from  the  still  to  a  storage  tank. 

The  extraction  of  oils  by  means  of  volatile  solvents  is 
in  itself  very  simple.  The  crushed  seed  or  other  oil-bearing 
material  (dried  fish,  etc.)  is  placed  in  a  closed  vessel.  Benzine, 
petroleum  spirits,  bisulphide  of  carbon,  ether  or  any  other 
suitable  solvent  is  passed  through  it,  and  allowed  to  flow  into 
a  retort,  carrying  with  it  the  oil  in  solution  and  leaving  the 
exhausted  substances  in  the  extractor  or  macerator.  The 
solvent  in  the  retort  is  now  distilled  off  and  condensed  for  re- 
use, while  the  pure  oil  is  left  behind  in  the  retort.  So  far  the 
process  is  very  simple,  but  there  are  many  difficulties :  one 
consists  in  recovering  the  solvent  from  the  waste  product  in 
the  extractor.  This  part  of  the  apparatus  consists  essentially 
of  a  large  tank,  with  inlet  and  outlet  pipes  for  the  circulation 
of  the  solvent,  and  steam  connections  to  drive  off  the  residual 
solvent  after  the  material  in  it  has  been  exhausted. 

These  extractors  must  necessarily  be  of  a  considerable 
size,  and  when  extraction  has  been  completed,  there  is 
left  behind  a  large  bulk  of  residual  material,  starch  and 
husk  (in  the  case  of  seeds),  saturated  with  solvent  which 
ought  to  be  distilled  off  before  the  extractor  is  emptied. 
This  is  necessary  for  two  reasons.  First,  because  the 
manufacturer  could  not  afford  to  lose  all  this  solvent ; 
secondly,  because  its  vapours  are  inflammable,  and  might 
if  allowed  to  escape  freely  become  a  source  of  danger. 
And  herein  lies  the  chief  difficulty :  the  material  left  in 
the  extractor  is  a  bad  conductor  of  heat,  and  therefore 
it  is  very  difficult  to  heat  the  mass,  when  in  large  bulk, 
sufficiently  throughout  to  ensure  complete  volatilisation. 
To  this  a  second  difficulty  is  added,  by  the  fact  that  the 
volatilisation  of  the  solvent  has  the  tendency  of  greatly 
depressing  the  temperature  in  those  parts  which  are  not 
easily  reached  by  the  heat  of  the  steam. 
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This  difficulty  is  only  partially  overcome  by  admitting 
steam  into  the  extractor,  as  what  volatilises  in  the  lower 
part  condenses  again  in  the  upper  layers,  until  the  whole 
mass  is  sufficiently  heated  throughout,  which,  on  account 
of  the  non-conducting  properties  of  the  material,  is  achieved 
after  many  hours  only.  But  when  the  solvent  has  to  be 
thus  driven  off  by  live  steam,  the  material  is  being  cooked  at 
the  same  time  and  when  taken  out  is  in  a  moist  state,  which 
in  many  cases  is  detrimental  to  what  otherwise  would  be  a 
valuable  product. 

The  residual  meal  is  only  fit  for  manurial  purposes. 

SECTION  E. 

ANIMAL  AND  VEGETABLE  LUBRICATING  OILS. 
TALLOW. 

Tallow  is  or  should  be  derived  from  the  fat  of  cows,  oxen,, 
sheep,  goats,  and  similar  animals,  the  best  fat  being  taken 
from  the  thicker  deposits  which  surround  the  abdomen, 
known  generally  among  butchers  as  the  skin,  although  it  is 
known  by  other  names  in  some  places.  Anatomists  call  it 
the  omentum.  Tallow  is  also  obtained  from  the  fat  sur- 
rounding the  large  muscles,  the  kidneys,  and  the  other 
organs  of  the  body.  Fatty  matter  can  be  and  is  obtained 
from  other  parts  of  the  animal,  such  as  the  intestines,  bones, 
etc.,  and  such  fat  is  often  sold  as  tallow ;  sometimes  with  a 
qualifying  distinction  as  bone  tallow ;  at  other  times,  and 
this  wherever  possible,  without  such  a  qualifying  description. 
Whenever  tallow  is  dealt  in  as  tallow,  it  ought  always  to  be 
understood  as  the  fat  obtained  from  the  parts  above-named, 
and  the  sale  of  any  other  kind  of  fat  should  be  regarded 
as  a  fraud  upon  the  buyer. 

The  deposit  of  tallow  as  it  exists  in  the  animal  body  is 
found  to  be  contained  in  small  cells  or  bladders  of  animal 
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tissue.  The  reason  for  its  being  in  this  condition  is  that 
while  being  in  fluid  so  as  to  move  with  every  motion  of  the 
parts,  yet  it  is  not  able  to  flow  from  the  spot  in  which  it  is 
found.  As  it  is  taken  from  the  body,  the  crude  fat  is  known 
as  butcher's  fat,  and  is  usually  purchased  from  the  butchers 
by  the  tallow  refiner,  who,  if  he  be  located  in  a  large  town, 
often  distinguishes  between  "  town  fat "  and  "  country 
fat,"  the  former  being  usually  fresher,  and  therefore 
yielding  a  better  quality  of  tallow  than  the  latter.  The 
idea  or  principle  which  underlies  all  processes  for  the 
extraction  of  the  tallow  from  this  rough  fat  is  to  separate 
out  by  some  means  the  animal  tissue  from  the  actual 
fatty  matter,  a  process  which  is  known  as  rendering. 
The  various  means  which  have  been  adopted  to  do  this 
have  been  described  (p.  130  et  seq.}. 

Of  fatty  matters  obtained  from  other  parts  of  the  animal 
tody,  the  intestines  give  what  is  called  "  tripe  tallow,"  the 
feet  yielding  "  neatsfoot  oil  ".  The  processes  for  extracting 
these  greases  or  fats  do  not  differ  essentially  from  those 
described  above,  but,  as  a  rule,  they  are  obtained  by  simply 
boiling  the  various  parts  of  the  animal  in  water,  and  skim- 
ming the  fat  which  is  obtained  from  the  top  of  the  water 
where  it  collects,  whilst  the  tripe  and  feet  are  used  as  food. 

A  great  deal  of  fat  largely  used  in  making  soap  is  now 
extracted  from  bones,  and  sold  as  "  bone  grease,"  "bone 
fat,"  "bone  tallow,"  and  not  seldom,  wherever  possible,  as 
tallow.  All  bones  do  not  contain  tallow  or  fat ;  the  best  are 
cows'  and  bullocks'  shank  bones,  which  are  hollow,  and  contain 
a  fairly  large  proportion  of  good  fat,  often  separately  extracted 
and  sold  as  "  marrow  tallow  ".  The  more  solid  bones  found 
in  the  animals  do  not  contain  much  fat,  and  scarcely  pay 
for  its  extraction.  Horses'  bones  contain  so  little  fat  they 
are  not  worth  the  process  of  treatment.  In  dealing  with  bones 
it  is  therefore  worth  while  to  sort  them  into  those  which  are 
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worth  treating  for  the  fat  and  those  which  are  not  worth 
so  treating.     The  method  of  extraction  is  given  on  p.  139. 

Tallow  comes  into  this  country  from  all  parts  of  the 
world.  Now  it  is  a  well-known  fact  with  regard  to  natural 
products  obtained  from  various  localities  that  they  vary 
somewhat  in  appearance,  colour,  odour,  and  consistence,  etc., 
to  say  nothing  of  minor  differences  in  chemical  composition. 
Tallow  is  no  exception  to  this  rule,  hence  in  the  tallows 
which  are  sent  into  England  from  North  America,  Australia, 
Russia,  India,  etc.,  there  are  certain  minor  differences  by  which 
experts  can  tell  the  locality  from  which  the  tallow  came. 
There  can  scarcely  be  any  doubt  but  what  these  differences 
-are  caused  by  the  character  of  the  food  on  which  the  cattle 
feed  in  the  various  localities,  and  which  must  vary  to  a  great 
extent.  Commercially,  tallows  are  distinguished  according 
to  their  country  of  origin,  and  of  the  cattle — oxen  or  sheep, 
or  into  beef  or  mutton — from  which  they  are  obtained. 
Russian  tallow  comes  chiefly  from  Cronstadt,  Odessa,  Tagan- 
rog, and  St.  Petersburg.  It  is  derived  chiefly  from  oxen, 
and  is  a  hard,  yellowish  tallow,  better  suited  for  candlemakers 
than  for  soapmakers.  A  large  proportion  of  the  Russian 
tallow  finds  its  way  from  Siberia,  but  no  distinction  is  made 
between  this  tallow  and  that  from  other  parts  of  Russia. 
South  America  sends  both  "beef"  and  "mutton"  tallow. 
It  is  chiefly  shipped  from  the  River  Plate  ports.  It  is  of  a 
strong  yellow  colour,  and  usually  of  fair  quality,  and  service- 
able for  all  uses.  North  American  tallow  is  of  very  good 
quality,  rather  paler  in  colour  than  South  American,  and  is 
the  favourite  tallow  of  soapmakers.  It  is  mostly  "  beef " 
tallow  that  comes  from  North  America,  but  "mutton" 
tallow  is  also  sent  over.  Australia  also  sends  large  quantities 
of  both  "  beef  "  and  "  mutton  "  tallow  to  England  of  fairly 
good  colour  and  quality.  The  value  of  the  tallow  depends 
on  its  consistence — the  harder  the  tallow  and  higher  its  melting 
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point,  the  more  valuable  it  is.     These  points  vary  very  much 
within  certain  limits,  which  will  be  presently  pointed  out. 

The  chemical  composition  of  tallow  varies  somewhat  ac- 
cording to  the  method  of  feeding  and  the  locality  as  well  as 
the  kind  of  tallow.  Tallow  consists  essentially  of  the  two 
glycerides,  olein  and  stearin,  the  latter  predominating, 
forming  from  60  in  soft  to  80  per  cent,  in  hard  tallows. 
Margarine  is  also  probably  present  in  some  tallows,  while 
there  are  also  nearly  always  small  quantities  of  animal  tissue, 
colouring  matter,  water;  but  these  should  not  altogether 
amount  to  more  than  from  J  to  1  per  cent,  of  the  total. 
Beef  tallow  contains  more  olein  than  mutton  tallow,  so 
that  it  is  rather  softer  in  consistence,  and  therefore  better 
adapted  for  soapmaking  and  lubricating  and  for  making 
tallow  oil,  whereas  mutton  tallow  is  more  suitable  for  the 
candlemaker.  The  specific  gravity  of  beef  tallow  ranges 
from  0'935  to  0'939,  while  that  of  mutton  tallow  ranges 
from  0-937  to  0'940  at  60°  F.  (15°  C.) ;  while  at  212°  F. 
(100°  C.)  the  specific  gravity  is  from  0*860  to  0'862.  The 
melting  point  of  tallow  varies  very  considerably,  usually 
ranging  from  36°  to  49°  C.  (97°  to  120°  F.)— the  lower  limit 
is  that  of  a  soft  tallow,  while  the  higher  limit  is  a  hard 
tallow.  39°  C.  (102°  F.)  is  the  average  melting  point  of 
tallow.  After  being  melted  it  begins  to  solidify  at  rather 
lower  temperatures,  from  33°  to  46°  C.  (115°  F.),  but  at  the 
moment  of  solidifying  the  temperature  rises  a  few  degrees. 
When  pure,  tallow  should  be  white,  fairly  firm,  and  without 
much  odour  and  taste.  It  is  soluble  in  from  40  to  44 
times  its  volume  of  alcohol.  Generally  it  contains  a  small 
quantity  of  free  acid,  ranging  from  0'75  to  7  per  cent., 
although  occasionally  samples  with  larger  quantities  are 
met  with.  For  soapmaking,  the  presence  of  free,  fatty  acid 
is  not  detrimental,  but  rather  otherwise ;  but  for  lubricating 
machinery  it  is  decidedly  disadvantageous. 
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When  melted  tallow  is  allowed  to  cool  very  slowly  at  a 
temperature  of  not  less  than  27°  to  30°  C.  (80°  to  86°  F.),  it 
forms  a  granular  mass,  the  stearin  crystallising  out  in  the 
form  of  small  nodules  which  can  be  separated  out  from 
the  more  fluid  mass  by  pressure.  The  process  is  known 
as  "  seeding,"  and  is  largely  applied  to  the  separation  of 
the  stearin  of  the  tallow  for  use  in  making  candles,  while 
the  liquid  which  passes  through  the  press  is  known  as 
"  tallow  oil,"  and  is  used  for  lubricating  machinery  and  soap- 
making. 

When  boiled  with  caustic  alkalies,  tallow  is  converted 
into  soap.  Of  caustic  soda,  tallow  usually  takes  about  13'79 
to  I3'85  per  cent,  to  completely  saponify  it,  while  of  caustic 
potash  it  requires  19'32  to  19'38  per  cent.  The  alkalies, 
being  in  both  cases  taken  as  being  chemically  pure,  of  the 
ordinary  commercial  products  more  will  be  required,  accord- 
ing to  the  strength  of  the  article,  which  varies  very  much. 
When  the  soap  formed  by  boiling  tallow  and  alkali  together 
is  treated  with  acid,  the  fatty  acids  of  the  tallow  are  sepa- 
rated and  usually  are  found  to  amount  to  95  per  cent,  of 
the  tallow  used.  The  melting  point  and  specific  gravity  of 
these  fatty  acids  vary  with  the  quality  of  the  tallow.  (See 
page  178.) 

Tallow  is  frequently  adulterated.  Among  other  bodies 
have  been  used  soft  fats  from  other  parts  of  the  animal,  such 
as  bone  or  tripe  tallows,  cottonseed  oil,  seal  oil,  stearin  from 
wool  grease,  among  fatty  matters,  to  say  nothing  of  china 
clay,  starch  and  similar  products.  It  is  by  no  means  an 
easy  matter  to  detect  some  of  these  adulterants :  cottonseed 
oil  stearin  is  very  difficult  to  detect.  The  specific  gravity  of 
the  fat  at  100°  C.,  the  melting  point,  is  also  some  guide, 
while  the  large  proportion  of  solid  fatty  acid  would  be  a 
clue  to  its  addition.  Cottonseed  oil  can  be  detected  by  its 

reducing  the  specific  gravity,  melting  point,  and  increasing 

12 


178  LUBRICATING   OILS. 

the  proportion  of  liquid  fatty  acids,  as  well  as  by  the  silver 
nitrate  and  iodine  test.  Stearin  from  wool  grease  can  be 
detected  by  the  tallow  containing  a  large  proportion  of  fatty 
acid,  as  well  as  by  the  silver  nitrate  test.  Bone  grease  can 
be  detected  by  the  tallow  containing  phosphate  of  lime, 
which  is  a  characteristic  ingredient  of  bone  grease.  The 
addition  of  such  matters  as  china  clay  and  starch  can  be 
detected  by  melting  the  tallow  and  allowing  these  insoluble 
matters  to  settle  out.  Such  forms  of  adulteration  are  now 
rare,  and  show  unskilful  work  on  the  part  of  the  adulterator. 
Paraffin  wax  and  scale  and  mineral  oil  are  sometimes 
added ;  these  may  be  detected  by  their  reducing  the  percen- 
tage of  potash  required  to  saponify  the  tallow,  by  the  sample 
having  a  low  flash  point  (under  400°  F.),  while  the  amount 
can  be  ascertained  by  the  test  described  in  the  chapter  on 
Oil  Analysis. 

Tallow  is  now  rarely  used  for  lubricating  machinery. 
At  one  time  it  was  largely  used  for  lubricating  steam  engine 
cylinders,  but  it  has  been  superseded  by  the  petroleum 
cylinder  oils  (page  107).  It  is  used  now  in  small  quantity  for 
lubricating  heavy  engine  bearings— bearings  of  rolling  mills 
— and  for  making  lubricating  greases. 

CONSTANTS  OF  TALLOW. 

Specific  Gravity  at  15°  C.  (60°  F.)        .        .    0-943  to  0-942. 

„  50°  C.  (122°  F.)       .         .     0-895. 

„  100°  C.  (212°  F.)     .         .     0-862. 
Melting  Point,  42°  to  46°  C.  (107°  to  115°  F.). 
Solidifying  Point,  36°  C.  (98°  F.). 

Insoluble  Fatty  Acids  (Hehner  Value),  95  to  96  per  cent. 
Saponification  Value  (Koettstorfer  Test),  19-3  to  20  per  cent.    ' 
Iodine  (Hubl  Test),  39  to  44  per  cent,  (absorbed). 

Heichert  Value,  0'25  cc.  *L  KOH. 

Viscosity  at  120°  F 53, 

„  150°  F 35. 

„  212°  F 25. 

Flash  Point  (Open  Test)          .         .         .          500°  to  550°  F. 
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CONSTANTS  OF  FATTY  ACIDS  FROM  TALLOW. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8698. 
Melting  Point,  43°  to  44°  C.  (108°  to  110°  F.). 
Solidifying  Point,  42°  to  43°  C.  (107°  to  108°  F.). 
Molecular  Weight  (Combining  Weight),  284. 
Iodine  Value,  40  per  cent. 

TALLOW  OIL. 

Tallow  oil  is  obtained  from  tallow  by  melting  and  keeping 
the  tallow  in  a  warm  room  at  about  80°  to  90°  F.  for  some 
hours.  The  stearin  it  contains  crystallises  out  in  the  form 
of  small  granular  particles ;  hence  this  process  is  known  as 
"seeding".  The  seeded  tallow  is  then  placed  in  canvas 
cloths  and  put  under  hydraulic  pressure,  when  the  olein  it 
contains  comes  out  together  with  a  little  of  the  stearin  and 
forms  the  tallow  oil  of  commerce.  It  is  also  sold  under  the 
names  of  ox  oil,  animal  oil,  etc.  Its  chief  use  is  for  lubri- 
cating machinery,  but  it  is  used  for  making  soap — when  a 
white  soap,  rather  soft  and  more  soluble  than  a  tallow  soap, 
is  required.  Tallow  oil  varies  much  in  consistence.  Some 
samples  are  more  fluid  than  others.  This  depends  upon  the 
proportion  of  stearin  which  the  oil  contains.  If  there  is 
much,  then  the  oil  is  solid ;  if  little,  then  the  oil  is  liquid. 
The  specific  gravity  varies  for  the  same  reason  from  0*911  to 
0'915.  Tallow  oil  contains  a  varied  proportion  of  free  acid 
from  none  in  well-prepared  samples  to  15  to  16  per  cent,  in 
others.  Tallow  oil  should  be  quite  white  when  cold,  or  have 
at  the  most  a  faint  yellow  tint.  When  melted,  it  ought  to 
be  quite  clear  and  bright,  free  from  any  cloudiness  or  broken 
particles  of  any  kind.  It  has  only  a  very  slight  odour  of  an 
animal  fat. 

It  is  employed  as  a  lubricating  oil  for  shafting  and  heavy 
bearings,  and  is  often  mixed  to  the  extent  of  10  per  cent, 
with  mineral  oils  to  form  spindle  oils  and  loom  oils,  for 
which  it  answers  very  well. 

Tallow  oil  has  a  viscosity  at  100°  F.  of  65,  at  150°  F.  of 
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32,  and  at  212°  F.  of  23.     Flash  point,  475°  F.  to  500°  F 
varying  with  the  quality. 


CONSTANTS  OF  TALLOW  OIL. 

Specific  Gravity  at  60°  F. 0-915. 

„  212°  F 0-876. 

Insoluble  Fatty  Acids  (Hehner  Value),  95  to  96  per  cent. 
Saponification  Value  (Koettstorfer  Test),  19-3  to  19-8  per  cent. 
Viscosity  at  100°  F.         .         .        .        .        .         .         .     65. 

,,150°F.         .        .     ".        .        i        .        .     32. 

„  212°  F.         .         .         .         4         *     •   -.         .     23. 
Flash  Point  (Open  Test)         .        .        ,"        ...      500°  F. 


LARD  OIL. 

Lard  oil,  like  tallow  oil,  is  not  much  used  in  soapmaking, 
finding  its  principal  use  in  lubricating  machinery.  It  is 
prepared  from  lard  in  the  same  way  as  tallow  oil  is  made 
from  tallow.  It  resembles  the  last  oil  in  its  properties  and 
uses.  It  is  if  anything  rather  lighter  in  colour  and  has  less 
odour,  which  resembles  that  of  lard.  It  is  used  in  lubri- 
cating machinery,  chiefly  for  mixing  with  mineral  oils  in  the 
preparation  of  spindle  and  loom  oils,  usually  7J  to  10  per 
cent,  being  added.  It  works  well. 

NEATSFOOT  OIL. 

This  oil  is  obtained  from  the  feet  of  cows  and  sheep. 
These  are  skinned,  then  boiled  in  water,  when  the  fatty 
matter  they  contain  collects  on  the  surface  of  the  water  and 
is  skimmed  off  from  time  to  time  and  sold  as  neatsfoot  oil. 

Occasionally  it  is  subjected  to  a  purifying  process  which 
consists  in  boiling  it  up  with  water. 

Neatsfoot  oil  makes  its  appearance  either  as  a  turbid 
or  a  limpid  oil.  In  winter  time  it  will  become  solid 
from  deposition  of  stearin.  Its  odour  is  pleasant,  its 
taste  sweet.  Its  properties  are  practically  identical  with 
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those  of  other  animal  oils  obtained  from  the  cow  or  sheep, 
and  it  is  often  difficult  to  distinguish  between  such  oils. 

The  specific  gravity  is  usually  about  0'912.  It  takes  19 
per  cent,  of  caustic  potash  to  saponify  it. 

Neatsfoot  oil  was  at  one  time  largely  used  for  lubricating 
steam  engine  cylinders,  but  its  use  for  this  purpose  is 
now  limited.  It  is  not  used  by  itself  as  a  lubricating  oil, 
but  is  often  mixed  with  hydrocarbon  oils  to  form  loom, 
spindle,  or  shafting  oils.  Its  lubricating  powers  are  good, 
and  as  it  is  fairly  free  from  free  acid  it  does  not  corrode  the 
bearings. 

VEGETABLE  OILS. 
PALM  OIL. 

Palm  oil  is  obtained  from  the  fruit  of  various  palm  trees, 
natives  of  the  oil  regions  of  the  West  Coast  of  Africa.  The 
tree  which  yields  the  largest  proportion  of  the  palm  oil  of 
commerce  is  the  Elaiis  Guinensis.  The  fruit  of  the  palm 
is  about  the  size  of  a  small  plum  and  hangs  in  bunches 
from  the  trees.  Like  the  plum  it  contains  an  outer 
pulpy  mass  or  pericarp  and  an  inner  kernel.  From  the 
outer  pulp  is  obtained  palm  oil,  while  the  kernel  yields 
palm  nut  or  palm  kernel  oil,  also  used  in  soapmaking, 
but  which  has  different  properties  to  palm  oil. 

The  natives  of  the  oil  regions  employ  a  variety  of  methods 
for  the  purpose  of  extracting  the  oil  from  the  fruit.  The 
commonest  plan  consists  in  stacking  the  nuts  as  they  are 
taken  from  the  trees  in  heaps  for'  from  seven  to  ten  days, 
when,  by  the  composition  of  some  of  the  vegetable  tissue 
surrounding  the  husks  of  the .  nuts,  the  husk  can  be 
readily  removed,  leaving  the  internal  pulp  and  kernel. 
The  pulp  is  of  rather  a  hard  nature,  and  to  soften  it  the 
nuts  after  being  husked  are  thrown  into  pits  and  plantation 
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leaves  covered  over  them  then  with  earth  and  palm  leaves. 
In  this  condition  they  remain  for  a  period  varying  from  three 
weeks  to  three  months,  according  to  the  fancy  or  practice 
of  the  particular  tribe  of  Africans  who  are  making  the  oil. 
At  the  end  of  the  period  named  the  pulp  will  have  been 
converted  into  a  soft  mass.  It  'is  now  thrown  into  pits 
lined  with  stones,  where  it  is  subjected  to  a  pounding  process 
whereby  the  pulp  is  separated  from  the  kernels.  The  former 
is  now  thrown  into  boiling  pots  and  boiled  with  water, 
when  the  oil  rises  to  the  top  and  is  skimmed  off,  any 
vegetable  tissue  which  may  accompany  the  pulp  passing 
into  the  water  ;  or  the  oil  may  be  separated  from  the 
vegetable  by  heating  it  with  the  water  so  as  to  melt  the 
oil,  and  then  squeeze  the  mass  into  bags  when  the  oil 
flows  out.  The  quality  and  consistence  of  the  product 
depend  partly  on  the  particular  species  of  palm  from 
which  it  is  made,  but  as  to  this  point  definite  information 
is  lacking ;  but  more  particularly  upon  the  care  with  which 
the  process  of  extraction  has  been  carried  out,  and  the  length 
of  time  the  fruit  is  allowed  to  remain  in  the  pits.  A  long 
steeping  results  in  the  oil  being  harder,  but  at  the  same 
time  its  quality  is  materially  decreased,  it  acquires  a  rancid 
odour,  its  colour  is  not  so  bright,  and  it  contains  much  free 
acid  indicating  that  a  decomposition  into  acid  and  glycerine 
has  taken  place.  A  short  steep  gives  an  oil  of  a  sweet  odour 
and  a  bright  colour.  The  process  of  extracting  palm  oil 
being  as  crude  as  it  can  well  be,  it  is  evident  that  the 
commercial  article  is  far  from  being  all  pure  fat.  It  must 
contain  some  trace  of  vegetable  tissue,  etc.,  which  being 
very  liable  to  ferment  will  in  course  of  time  gradually 
bring  about  the  decomposition  of  the  oil,  resulting  in  its 
becoming  more  or  less  rancid,  and  losing  its  odour  and 
colour. 

Palm  oil  is  a  solid  oil  about  the  consistence  of  butter. 
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It  has  an  orange  to  golden  yellow  colour,  which  is  highly 
characteristic  but  is  liable  to  vary  very  much.  Salt  Pond 
and  Brass  oils  have  usually  a  brownish  colour,  Lagos  oil 
is  a  bright  orange,  Sierra  Leone  is  rather  redder,  New 
Calabar  oil  is  a  golden  yellow  ;  the  colour  is  probably 
dependent  upon  the  species  of  palm  from  which  the  oil 
is  obtained  in  the  first  instance,  and  partly  on  the  process 
of  extraction.  Lagos  oil  is  the  best  and  most  neutral 
quality,  the  proportion  of  free  acid  it  contains  rarely 
exceeding  10  per  cent.,  and  the  amount  of  water  and 
other  impurities  not  more  than  2  per  cent.,  and  in  con- 
sistency it  is  the  softest  of  palm  oils.  Brass,  so  far  as 
impurities  are  concerned,  comes  next  to  Lagos  oil.  It  is  the 
hardest  of  the  palm  oils,  and  on  that  account  is  the  quality 
most  in  favour  with  candlemakers.  It  usually  contains  a 
large  percentage,  53  to  65,  of  free  fatty  acid,  and  by  far 
the  largest  proportion  of  palmitic  acid  of  any  variety ; 
hence  its  hardness.  Salt  Pond  palm  oil  is  one  of  the 
worst  varieties  of  palm  oil  to  be  found  in  the  English 
market,  the  amount  of  impurities  often  being  found  to 
amount  to  20  per  cent. ;  while  the  free  acid  has  been  found 
by  Norman  Tate  to  be  as  high  as  80  per  cent.,  indicating 
that  little  actual  oil  is  present.  The  colour  and  odour  are 
usually  poor.  Half  Jack,  Bonny,  New  Calabar  oils  occupy 
intermediate  positions  between  these  oils  in  hardness  and 
quality  generally.  Palm  oil  has  a  peculiar  and  violet-like 
odour,  which  is  communicated  to  the  soap  which  is  made 
from  it. 

Chemically,  palm  oil  consists  of  a  mixture  of  palmitin  and 
olein  in  various  proportions,  with  varying  quantities  of  free 
palmitic  and  oleic  acids.  The  specific  gravity  of  palm  oil  at 
15°  C.  varies  from  0'920  to  0'926.  The  specific  gravity  at 
100°  C.  ranges  from  0'857  to  0'859.  The  melting  point  is 
exceedingly  variable,  ranging  from  25°  to  36°  C.  (77°  to  97° 
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F.),  the  solidifying  point  being  a  few  degrees  less.  When 
saponified  palm  oil  yields  from  94  to  97  per  cent,  of  fatty 
acids,  the  setting  points  of  which  range  from  41°  to  46°  C. 
(106°  to  113°  F.),  the  combining  equivalent  from  273  to  274, 
palm  oil  takes  from  19'6  to  20'2  per  cent,  of  caustic  potash, 
KOH,  or  from  14  to  14'4  per  cent,  of  caustic  soda,  NaOH,  to 
saponify  it. 

Palm  oil  is  mostly  used  in  the  form  of  greases  in  the 
lubrication  of  machinery  (see  chapter  vii.).  It  is  rarely  used 
by  itself  or  in  admixture  with  mineral  oils  as  is  tallow.  The 
great  variation  in  its  quality  and  the  corrosive  action  of 
any  free  acid  it  may  contain  on  the  bearings  of  machinery 
are  obstacles  to  its  use. 

CONSTANTS  OF  PALM  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)      .         .        0-920  to  0-924. 

„          „  50°  C.  (120°  F.)  .         .        0-893. 

„          „  100°  C.  (212°  F.) .         .         0-8586. 
Melting  Point  from  27°  to  42°  C.  (80°  to  107°  F.). 
Hehner  Value  (Insoluble  Fatty  Acids),  96-5  per  cent. 
Saponification  Value  (Koettstorfer  Test),  20-2  per  cent.  KOH. 

Keichert  Value,  0-5  cc.  ^  KOH. 

Iodine  Value  (Hubl  Test),  51  to  52  per  cent. 

Viscosity  at  100°  F 55. 

„  120°  F 34. 

„  150°  F.    .         .        .         .         .         .         .  28. 

CONSTANTS  OF  FATTY  ACIDS  FROM  PALM  OIL. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8369. 
Solidifying  Point,  45-5°  C.  (113-5°  F.). 
Melting  Point,  50°  C.  (122°  F.). 
Saponification  Value,  20-6  per  cent.  KOH. 
Combining  Equivalent  (Molecular  Weight),  270. 

PALM  NUT  OIL. 

The  nuts  or  kernels  of  the  fruit  are  collected  and  imported 
in  large  quantities  into  this  country  for  the  purpose  of  press- 
ing the  oil  from  them.  In  some  places  a  very  crude  method 
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is  in  use  for  the  extraction  of  the  oil.  The  nuts  are  put  into 
a  pan  over  a  fire  and  charred  slightly,  some  of  the  oil  exudes 
and  is  poured  off;  the  roasted  nuts  are  now  ground  and 
boiled  with  water ;  the  oil  they  contain  rises  to  the  top  and  is 
skimmed  off;  after  a  short  boil  the  mass  of  kernel  meal  is 
again  ground  up,  mixed  with  a  little  water,  and  mixed  up 
again  and  boiled  up,  when  more  oil  is  obtained.  This  is 
iskirnmed  off  as  before.  The  oil  obtained  by  this  process  is 
of  a  dark  colour. 

Palm  nut  oil  is  of  a  white  or  faintly  yellowish  colour,  of 
•consistency  similar  to  butter.  In  odour  it  resembles  coconut 
oil,  from  which  it  can  hardly  be  distinguished.  The  melt- 
ing point  ranges  from  26°  to  30°  C.  (78°  to  86°  F.).  Much 
depends  upon  the  proportion  of  oil  obtained  from  the  kernel. 
The  first  portions  which  are  pressed  out  are  the  softest,  and 
have  the  lowest  melting  point ;  the  last  portions  are  hardest, 
.and  have  the  highest  melting  point.  It  takes  from  22  to  24 
per  cent,  of  caustic  potash,  or  from  15J  to  17  per  cent,  of 
caustic  soda  to  saponify  it.  In  this  respect  it  resembles 
•coconut  oil,  to  which  it  approximates  in  composition  by 
containing  a  large  proportion  of  the  lower  fatty  acids,  lauric, 
capric,  capryllic,  and  caproic  acids,  but  not  to  so  great  an 
extent  as  does  coconut  oil.  Oudemans  gives  the  following 
.analysis  of  palm  nut  oil : — 

Glyceride  of  Oleic  Acid 26-6 

Glycerides  of  Stearic,  Palmitic,  and  Myristic  Acids       .         .         33'0 
Glycerides  of  Lauric,  Capric,  Capryllic,  and  Caproic  Acids   .         40-4 

Palm  nut  oil  is  fairly  free  from  free  acid,  and  is  not  liable 
to  become  rancid  readily.  In  its  specific  gravity  at  both  60° 
.and  212°  F.  it  closely  resembles  coconut  oil. 

Palm  nut  oil  is  largely  used  in  soapmaking  in  the  place 
<of  coconut  oil,  but  rarely  in  lubricating  machinery. 

Palm  nut  oil  is  adulterated  with  lard,  tallow,  and  other 
-cheap  fats  and  oils.  Such  adulteration  can  be  detected  by 
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means  of  the  saponification  value  and  the  distillation  test,, 
which  will  suffice  to  detect  any  adulteration. 

CONSTANTS  OP  PALM  NUT  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.) .         .        .         .         0'952. 

„  40°  C.  (105°  F.)          ...        0-9119. 

„  100°  C.  (212°  F.)         .         .         .        0-8731. 
Solidifying  Point,  20-5°  C.  (71°  F.). 
Melting  Point,  27°  to  28°  C.  (79°  to  80°  F.). 
Hehner  Value,  91-1  per  cent. 
Saponification  Value  (Koettstorfer  Test),  24  per  cent.  KOH. 

Keichert  Value,  2-4  cc.  **  KOH. 

Iodine  Value,  10  to  13  per  cent. 

Viscosity  at  100°  F 41. 

„  150°  F .28. 

„  212°  F 23. 

CONSTANTS  OF  FATTY  ACIDS  OF  PALM  NUT  OIL. 

Solidifying  Point,  20°  to  23°  C.  (71°  to  76°  F.). 
Melting  Point,  25°  to  28°  C.  (77°  to  80°  F.). 
Saponification  Value,  25  to  26  per  cent.  KOH. 
Combining  Equivalent  (Molecular  Weight),  211. 
Iodine  Value,  12-07  per  cent. 

COCONUT  OIL. 

Coconut  oil  is  the  product  of  the  familiar  coconut,  or 
cocoa  nut,  as  it  is  sometimes  called,  the  fruit  of  the  coco 
palm — cocos  nucifera. 

The  fruit  of  this  palm  is  a  very  useful  product.  It  is  of 
large  size  ;  the  outer  portion  consists  of  a  fibrous  mass  which 
is  made  into  ropes,  mats  and  carpets.  Inside  this  is  the  nut 
proper,  consisting  of  a  hard  outer  portion  only  useful  as  fuel. 
Inside  this  is  a  layer  of  pulpy  matter  of  a  white  colour, 
which  is  that  portion  of  the  fruit  patronised  by  the  young 
idea  at  fair  times.  The  central  portion  of  the  fruit  is  occu- 
pied by  a  milky  fluid.  The  pulp  is  of  a  very  oily  nature,  the 
proportion  of  oil  usually  averaging  over  50  per  cent.  This 
pulp  is  dried  by  exposure  to  the  air,  and  in  that  condition  is 
known  as  "coprah,"  and  is  imported  into  this  country  in 
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large  quantities  for  the  purpose  of  extracting  the  oil  out  of 
it.  The  native  method  of  extracting  the  oil  consists  of  heat- 
ing the  pulp  with  water,  when  the  oil  rises  to  the  top  and  is 
collected.  Another  method  commonly  followed  when  inferior 
qualities  of  oil  are  wanted  is  to  heat  the  pulp  with  a  little 
more  water  so  as  to  render  the  oil  more  fluid,  and  then  to  subject 
the  mass  to  pressure  in  a  rude  kind  of  oil-press  worked  by  oxen. 
In  some  places  the  pulp  is  dried  and  then  grated  by  means 
of  cutting  machines,  and  this  after  being  heated  with  water, 
is  pressed,  yielding  a  large  quantity  of  a  good  quality  of  oil. 

Coconut  oil  comes  into  this  country  from  many  places 
in  South  Eastern  Asia.  The  best  is  that  from  Ceylon; 
Cochin  China  oil  ranks  very  close  behind ;  Malabar  oil  is  of 
a  very  good  quality ;  Manilla  oil  is  good  ;  some  comes  from 
Mauritius  and  the  Fiji  Islands. 

In  this  country  coconut  oil  is  pressed  from  coprah. 

Coconut  oil  makes  its  appearance  in  this  country  in  the 
form  of  a  white  but  soft  fat.  In  the  Asiatic  countries  it  is  a 
water-white,  rather  limpid  oil.  It  melts  at  from  20°  to  25° 
C.  (68°  to  77°  F.) ;  its  specific  gravity  at  60°  F.  is  0'931 ;  at 
212°  F.  it  is  0'870.  Its  odour  is  pleasant  and  characteristic, 
resembling  that  of  the  coconut.  It  is  liable  to  become 
rancid,  when  its  odour  becomes  more  pronounced. 

It  is  fairly  easily  saponified,  especially  by  strong  alkaline 
lyes,  and  on  that  account  it  is  much  employed  in  the  manu- 
facture of  soaps  by  the  cold  process.  It  takes  from  24'5  to 
26  per  cent,  of  caustic  potash,  or  from  17 '4  to  18*7  per  cent, 
of  caustic  soda,  to  completely  saponify  coconut  oil,  a  larger 
amount  than  is  required  for  any  other  known  fat. 

Coconut  oil  is  one  of  the  most  complex  oils  known  as 
far  as  regards  its  chemical  composition.  The  principal  fatty 
acid  present  is  lauric  acid,  HC12H23O2 ;  there  is  also  present 
caproic  acid,  HC6Hn02.  These  acids  are  all  soluble  in 
water,  and  are  volatile  when  distilled  with  steam  or  water. 
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It  is  the  presence  of  these  acids  which  causes  coconut  oil 
to  require  so  much  alkali  to  saponify  it  and  to  form  a  soap 
which  works  with  hard  water,  for  the  lime  salts  of  these  fatty 
acids  are,  comparatively  speaking,  soluble  in  water,  and  the 
alkali  soaps  are  much  more  freely  soluble  in  saline  solu- 
tions than  is  the  case  with  alkali  salts  of  oleic  or  stearic 
acids  for  example.  There  are  also  present  in  coconut  oil 
stearic  acid,  HC18H3502 ;  palmitic  acid,  HC16H3102 ;  myristic 
&cid,  HCUH2702,  with  smaller  quantities  of  other  acids  of 
the  same  series.  There  are  but  comparatively  small  quanti- 
ties of  the  acids  of  the  oleic  series.  Of  course  it  should  be 
understood,  in  speaking  of  fatty  acids  in  coconut  oil,  that 
these  do  not  exist  as  free  acids,  but  in  the  form  of  gly- 
cerides.  Laurie  acid  has  a  combining  weight  of  200.  The 
combining  weight  of  the  fatty  acids  which  can  be  extracted 
from  coconut  oil  by  saponifying  and  liberating  the  acids  with 
sulphuric  acid  ranges  from  196  to  204.  When  these  fatty 
acids  are  distilled  with  water,  the  distillate  possesses  an  acid 
reaction  due  to  the  volatile  or  soluble  acids  coming  over : 
the  acidity  from  100  parts  of  oil  is  equal  to  0'78  to  0'83  of 
caustic  potash.  Butter  and  palm  nut  oil  have  a  similar 
composition.  Coconut  oil  has  very  little  power  of  absorbing 
iodine  or  bromine ;  of  the  former  it  takes  up  8'9  to  9  per 
cent.,  of  the  latter  5'7  per  cent.  It  yields  from  12  to  13  per 
cent,  of  glycerine,  and  from  94  to  96  per  cent,  of  fatty  acids. 

Coconut  oil  is  rarely  adulterated,  and  then  chiefly  with 
animal  fats  and  greases,  with  solid  vegetable  fats  and 
•stearins.  Any  such  adulteration  would  not  be  very  difficult 
of  detection.  The  odour,  alteration  of  the  saponification 
value,  reduction  of  the  specific  gravity  at  212°  F.,  and  reduc- 
tion of  the  amount  of  volatile  acids  will  suffice  to  detect 
such  adulteration. 

Coconut  oil  is  used  in  India  and  other  eastern  countries 
ior  lubricating  machinery  and  gives  very  good  results, 
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especially  on  light-running  machinery.  In  this  country  it  is 
often  used,  mixed  with  hydrocarbon  oil,  as  a  spindle  or  loom 
oil,  for  which  purpose  it  works  well. 

CONSTANTS  OF  COCONUT  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)  .        .        .        .        0-930. 

„  40°  C.  (105°  F.) .         .         .         .        0-9115. 

„  100°  C.  (212°  F.)  0-8736. 

Solidifying  Point,  16°  to  20°  C.  (60°  to  70°  F.). 
Melting  Point,  20°  to  28°  C.  (70°  to  80°  F.). 

Saponification  Value  (Koettstorfer  Test),  25  to  26  per  cent.  KOEL 
Hehner  Value  (Insoluble  Fatty  Acids),  83  to  88  per  cent. 

Reichert  Value,  3'5  cc.  ^  KOH. 

Iodine  Value  (Hubl  Test),  8-9  to  9-3  per  cent. 

Viscosity  at  100°  F 40. 

„   120°  F 27. 

„  150°  F 22. 

CONSTANTS  OF  FATTY  ACIDS  FROM  COCONUT  OIL. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8354. 

Solidifying  Point,  20°  C.  (70°  F.). 

Melting  Point,  24°  to  25°  C.  (75°  to  77°  F.). 

Combining  Equivalent  (Molecular  Weight),  196  to  206. 

Iodine  Value  (Hubl  Test),  9-3  per  cent. 

Iodine  Value  of  Liquid  Fatty  Acids,  54  per  cent. 

CASTOR  OIL. 

Castor  oil  is  obtained  from  the  seeds  of  the  castor  oil 
plant,  Ricinus  communis,  a  native  of  India,  where  it  grows 
luxuriantly.  The  plant  is  a  pretty  common  one  in  English 
conservatories,  and  so  is  familiar  to  most  persons.  The 
seeds  are  of  a  comparatively  large  size,  and  of  a  greyish 
colour  and  very  lustrous.  They  contain  a  large  proportion 
of  oil,  nearly  50  per  cent.,  which  is  extracted  by  pressure  in 
the  usual  way,  or  by  boiling  the  seeds  in  water.  Several 
qualities  are  recognised.  That  first  extracted  by  pressure  is 
the  best,  and  sold  chiefly  for  pharmaceutical  purposes ;  the 
lower  grades  for  lubricating  oil  and  soap,  and  the  average 
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commercial  qualities  are  imported  from  Calcutta,  Madras, 
Bombay  and  France.  What  is  known  as  first  pressure, 
French,  is  about  equal  in  quality  to  what  is  known  as  second 
quality,  Calcutta. 

Castor  oil  is  a  thick,  viscid  oil.  In  colour,  it  varies  from 
colourless  in  the  pharmaceutical  product,  to  a  greenish  yellow 
in  the  poorer  sorts.  Its  specific  gravity  ranges  from  0'960 
to  0'970  ;  the  average  being  0*964.  Occasionally  samples  are 
met  with  having  a  specific  gravity  below  0'960,  but  such  are 
rare.  The  odour  varies  considerably ;  the  best  qualities  are 
fairly  free,  but  the  poorer  sorts  have  a  nauseous  odour.  The 
taste  also  varies  in  the  same  way ;  the  common  qualities 
have  a  peculiar,  nauseous  taste,  from  which  the  best  are  free. 

It  does  not  begin  to  become  solid  until  a  temperature  of 
-  18°  C.  (0°  F.)  is  reached,  and  even  then  only  a  few  flakes  are 
deposited.  This  oil  is  distinguished  from  other  fatty  oils  by 
its  peculiar  physical  and  chemical  properties  ;  it  has  a  very 
high  specific  gravity,  a  high  viscosity.  The  relative  viscosi- 
ties of  castor  and  sperm  oil  are  as  1248  and  58'5  respectively, 
at  70°  F.,  which  figures  will  convey  some  idea  of  the  viscid 
character  of  the  oil.  It  is  readily  soluble  in  alcohol,  1  part 
in  4  of  rectified  spirits  at  15°  C.  (60°  F.).  This  enables 
an  addition  of  other  oils  to  be  detected.  It  is  insoluble  in 
petroleum  spirits  or  mineral  oil  at  ordinary  temperatures. 
On  being  heated,  castor  oil  will  mix  with,  or  become  soluble 
in,  the  petroleum  spirit  or  mineral  oil,  but  as  the  temperature 
€ools  down  again  the  two  liquids  separate  out. 

Castor  oil  consists  of  a  little  palmitin  which  separates  out 
when  the  oil  is  cooled  down,  and  the  glyceride  of  a  peculiar 
(ricinoleic)  acid,  which  has  hitherto  only  been  found  in 
castor  oil.  This  acid  has  the  composition  shown  in  the 
formula  C17H32OHCOOH.  It  differs  from  other  fatty  acids 
in  containing  three  atoms  of  oxygen,  and  there  is  reason  for 
thinking  that  this  extra  atom  of  oxygen  is  combined  with  an 
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atom  of  hydrogen  in  the  form  of  hydroxyl,  as  shown  in  the 
formula  given  above..  Ricinoleic  acid  is  therefore  an  hydroxyl 
fatty  acid.  The  presence  of  this  hydroxyl  group  gives  to 
ricinoleic  acid  the  property  of  forming,  with  sulphuric  acid, 
ethers.  On  this  property  is  based  the  use  of  castor  oil 
in  the  preparation  of  olein  oil  for  calico  printers'  use. 
Castor  oil  yields  about  9'1  per  cent,  of  glycerine  and  96'1 
per  cent,  of  fatty  acids.  These  have  a  combining  weight 
of  306  to  307,  and  a  specific  gravity  of  0'950  to  0*951  at 
60°  F.  They  are  thick,  viscid  and  of  an  oily  appearance, 
and  besides  containing  ricinoleic  acid  contain  palmitic  acid. 

It  takes  from  17'5  to  18  per  cent,  of  caustic  potash 
or  from  12'5  to  13*3  per  cent,  of  caustic  soda  to  saponify 
it,  these  quantities  being  rather  less  than  is  usual  with 
the  oils. 

Castor  oil  is  used  with  some  degree  of  success  in 
lubricating  very  heavy  and  quick-running  bearings  of 
machinery :  in  such  there  is  usually  great  friction  accom- 
panied by  some  heating,  and  castor  oil  resists  those 
influences  better  than  most  other  oils. 

Castor  oil  cannot  be  mixed  with  hydrocarbon  or  mineral 
oils ;  it  can  be  mixed  with  other  fatty  oils. 

CONSTANTS  OF  CASTOR  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)     .         .        0-960  to  0-966. 

„  100°  C.  (212°  F)  .         ,        0-9096. 
Solidifying  Point,  -  17  to  -  18°  C.  (1°  to  3°  F.). 

Reichert  Value,  1-6  cc.  *L  KOH. 

Saponification  Value  (Koettstorfer  Test),  17-8  to  18  per  cent.  KOH. 

Iodine  Value  (Hubl  Test),  83-6  to  84  per  cent. 

Acetyl  Value,  153-4  per  cent. 

Maumene  Test,  46°  C. 

Viscosity  at  70°  F.     . 1220. 

„  100°  F 270. 

„  120°  F 170. 

„  150°  F.    .  129. 
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CONSTANTS  OF  FATTY  ACIDS  OF  CASTOR  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)         .        .         .        0-9509. 

„  100°  C.  (212°  F.)     .        .         .        0-896. 
Solidifying  Point, -3°  C.  (27-5°  F.). 
Melting  Point,  13°  C.  (57°  F.). 
Molecular  Weight  (Combining  Equivalent),  292. 
Iodine  Value  (Hubl  Test),  90  per  cent. 

OLIVE  OIL. 

The  olive  is  the  fruit  of  the  tree  Olea  Europea,  which 
grows  very  abundantly  in  those  countries  of  Europe,  Asia, 
and  Africa  that  border  on  the  Mediterranean.  It  is  exten- 
sively cultivated  in  Italy,  North  Africa,  Grecian  Archipelago, 
Spain,  and  Asia  Minor,  from  all  which  places  olive  oil  is 
exported.  The  olive  is  a  fruit  resembling  the  plum,  and  of 
about  the  same  size.  There  are  certain  variations  of  the 
olive  grown  in  different  localities  due  to  climatical  differences 
and  in  the  mode  of  cultivation.  The  fruit  is  collected  when 
just  ripe,  and  in  that  condition  it  yields  the  finest  quality  of 
oil.  Olive  oil  is  yielded  by  the  pericarp  or  pulp  which 
surrounds  the  kernel.  The  kernel  also  is  capable  of  yielding 
oil,  but  it  is  interesting  to  note  that  the  oil  yielded  by  the 
kernel  is  different  to  that  given  by  the  pulp.  The  olive  oil 
is  obtained  from  the  fruit  by  pressure ;  some  portion  is  also 
separated  by  use  of  solvents.  The  simplest  method  which 
has  been  in  use  for  a  long  time  consists  in  pressing  in  a 
primitive  mortar,  and  separating  the  oil  which  flows  out. 
Generally  the  pulp  is  put  into  a  large  tub  or  tank  and 
subjected  to  pressure.  The  oil  which  flows  out  is  known  as 
"  virgin  oil".  It  is  of  fine  quality,  and  used  chiefly  for 
edible  purposes.  There  is  a  considerable  proportion  of  oil 
left  in  the  pulp,  and  this  is  usually  extracted  by  boiling  the 
pulp  with  water,  then  subjecting  the  residual  pulp  to  a 
second  pressure.  A  rather  poorer  quality  of  oil  is  thereby 
obtained.  This  quality  of  oil  is  chiefly  used  for  lubricating, 
soapmaking,  and  general  industries.  A  poorer  quality  is 
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often  got  by  subjecting  the  residual  cake  from  this  second 
pressing  to  extraction  by  means  of  bisulphide  of  carbon. 
This  gives  a  lower  grade  of  oil  used  for  the  commonest 
purposes,  and  generally  known  as  "sulphur"  olive  oil. 

One  of  the  troublesome  processes  in  the  making  of  olive 
oil  is  the  separation  of  the  oil  from  the  watery  juice  after  it 
comes  from  the  oil  press.  The  universal  custom  is  to  collect 
this  mixture  of  water  and  oil  as  it  drips  from  the  press  and 
leave  it  for  several  hours,  then  to  skim  off  the  oil  that  has 
risen  to  the  top  by  reason  of  its  lower  specific  gravity. 
This  skimming  must  be  repeated  every  few  hours  till  the  oil 
is  entirely  separated,  for  if  not  at  once  removed  it  begins  to 
acquire  a  bad  taste  from  the  fermentable  substances  contained 
in  the  water.  Besides  the  necessary  labour,  this  process 
requires  a  large  room  and  a  very  expensive  outfit  of  large 
tanks.  In.  order  to  avoid  all  this  expense  and  trouble  an 
apparatus  has  been  made  that  performs  the  work  automatic- 
ally and  continuously,  enabling  the  oil  maker  to  have  clear, 
clean  oil  within  two  minutes  from  the  time  it  leaves  the 
press.  The  apparatus,  shown  in  Figure  47,  consists  essen- 
tially of  a  tin  tank  about  four  feet  high  by  two  in  diameter. 
This  tank  is  kept  constantly  full  of  fresh  water  by  means  of 
a  pipe  connected  with  some  adequate  supply,  the  level  being 
regulated  by  means  of  stopcock  outlets.  The  juices  and  oil 
from  the  oil  press,  charged  with  oil  in  an  emulsified  state,  are 
made  to  flow  into  the  tank  near  the  bottom,  through  a  small 
"  drum  "  perforated  on  the  top,  from  which  a  stream  of  fresh 
water  escapes  in  vertical  jets.  These  two  currents  of  oil  and 
fresh  water  at  once  mix,  and  the  oil  passes  upwards  by 
reason  of  its  lightness.  Being  in  very  small  drops,  it  is 
washed  of  its  heavier  impurities  (tissue,  colouring  matter, 
etc.),  and  reaches  the  top  of  the  column  of  water  in  an  almost 
perfect  clean  state,  having  left  all  grosser  impurities  to  be 
carried  off  through  an  escape  pipe  at  the  bottom.  When 
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sufficient  oil  has   been   collected  at  the  top,  a  stopcock  is 
opened,  and  the  oil  runs  off,  ready  to  be  clarified. 

Olive  oil  varies  considerably  in  its  quality.  The  best  oils 
have  a  yellowish  colour,  while  some  of  the  inferior  qualities 
are  of  a  greenish  brown  tint.  In  some  cases  the  oil  has 
a  greenish  tint.  The  specific  gravity  ranges  from  0'916  to 


FIG.  47.  Oil  Separator. 

0'919  at  60°  F.,  the  presence  of  much  free  acid  lowering  it. 
The  best  quality  of  olive  oil  contains  usually  about  2  per 
cent,  of  free  acid.  Certain  grades  of  what  are  known  as 
"huiles  tournants,"  prepared  from  very  ripe  and  fermented 
fruits,  which  are  largely  used  in  dyeing,  contain  as  much  as 
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25  per  cent,  of  free  acid.  The  odour  of  olive  oil  is  pleasant 
and  peculiar;  the  taste  is  sweet  and  bland.  When  cooled 
down  olive  oil  deposits  stearin  and  becomes  solid  at  6°  C. 
(23°  F.).  It  requires  from  19'1  to  19'06  per  cent,  of  KOH  to 
saponify  it.  It  absorbs  iodine,  and  when  mixed  with  sul- 
phuric acid  gives  rise  to  an  increase  in  temperature  of  41°  to 
45°  C.  One  property  of  olive  oil  is  that,  when  mixed  with 
nitrous  acid  or  nitrate  of  mercury,  it  becomes  solidified,  being 
converted  into  elaidin.  This  property  is  not  possessed  to  the 
same  degree  by  any  other  oil.  Olive  oil  is  largely  adulterated, 
the  usual  adulterants  being  cotton  seed  oil  and  mineral  oils, 
but  the  character  of  the  adulteration  varies  from  time  to  time. 
The  presence  of  cotton  seed  oil  tends  to  increase  the  specific 
gravity,  that  of  mineral  oils  tends  to  reduce  it,  while  at  the 
same  time  their  addition  reduces  the  flashing  point  of  the  oil. 
To  determine  the  purity  of  olive  oil  regard  must  be  paid  to  the 
specific  gravity,  flashing  point,  Koettstorfer  test,  Hubl  iodine 
value,  and  the  Maumene  sulphuric  acid  test  and  elaidin  test. 
Olive  oil  is  not  as  largely  used  now  for  lubricating 
machinery  as  formerly.  It  is  often  added  to  mineral  oils  in 
preparing  spindle  and  loom  oils.  When  free  from  acid  it  is 
a  very  good  lubricant  and  works  well.  Olive  oils  which 
contain  a  large  proportion  of  free  acid  are  not  suitable  for 
lubricating  machinery,  the  free  acid  having  too  strong  an 
action  on  the  machinery,  forming  soaps  which  cake  on  the 
bearings,  and  increase  vibration  and  friction. 

CONSTANTS  OF  OLIVE  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)      .         .        0-916  to  0'919. 

„  100°  C.  (212°  F.)    .         .         0-862. 
Solidifying  Point,  6°  C.  (23°  F.). 
Insoluble  Fatty  Acids  (Hehner  Value),  95'4  per  cent. 

Reichert  Value,  0-3  cc.  -5  KOH. 

Saponification  Value  (Koettstorfer  Test),  19-1  to  19-6  per  cent.  KOH. 
Iodine  Value,  80  to  83  per  cent. 
Maumene  Test,  41-5°  to  45°  C. 
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Viscosity  at  70°  F 120. 

„  100°  F 60. 

„         „  120°  F.     .         .         ...         .         .  45. 

„  150°  F 30. 

CONSTANTS  OF  FATTY  ACIDS  FROM  OLIVE  OIL. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8749. 

Solidifying  Point,  21°  C.  (70°  F.). 

Melting  Point,  26°  C.  (79°  F.). 

Molecular  Weight  (Combining  Equivalent),  280. 

Iodine  Value,  86  to  88  per  cent. 

RAPE  AND  COLZA  OIL. 

The  oils  known  under  these  names  are  obtained  from 
various  species  of  Brassica,  the  rape  and  the  cole  plants, 
which  are  largely  cultivated,  especially  in  North  Germany, 
France,  Belgium,  Eussia,  and  India.  The  largest  propor- 
tion of  rape  seed  imported  into  this  country  comes  from 
the  Black  Sea  and  Baltic  ports.  The  oil  is  obtained  from 
the  seed  by  pressure,  the  yield  of  oil  being  from  30  to  45 
per  cent.  ;  the  crude  oil  being  known  as  "brown  rape  oil/* 
and  containing  a  good  quantity  of  moisture,  mucilage,  and 
colouring  matter.  This  is  refined  into  rape  and  colza  oils. 
^  In  this  country  colza  oil  is  the  name  given  to  the  most 
highly  refined  variety  of  rape  oils.  On  the  Continent  it 
is  the  custom  to  distinguish  the  oils  obtained  from 
different  species  of  the  plant.  Eape  oil  is  refined  by  treat- 
ment first  with  sulphuric  acid  and  then  caustic  soda.  If  colza 
oil  is  wanted  these  operations  are  repeated. 

Kefined  rape  oil  has  a  pale  yellow  colour,  is  limpid,  has 
a  peculiar  and  characteristic  odour,  and  an  unpleasant,  harsh 
taste.  When  exposed  to  the  air  it  becomes  slightly  more 
viscid.  When  boiled  with  caustic  potash  it  yields  a  reddish 
colour,  and  requires  17*5  to  17'9  per  cent,  of  caustic 
potash  (KOH)  to  saponify  it.  Its  saponification  value  is 
about  320.  It  combines  with  a  large  proportion  of  iodine. 
Sulphuric  acid  has  a  strong  action,  giving  an  increase  in 
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temperature  of  from  64°  to  65°  C. ;  the  specific  gravity  at 
15°  C.  (60°  F.)  ranges  from  0'913  to  0'915,  at  100°  C. 
(212°  F.)  the  specific  gravity  is  0'863.  Commercial  samples 
of  rape  oil  often  contain  small  quantities  of  free  fatty  acids ; 
the  proportion  ranges  from  0*5  to  5 '5  per  cent.  The  acids 
found  in  rape  oil  consist  chiefly  of  oleic  and  stearic  acids ; 
in  addition  there  is  rapic  acid,  and  probably  an  acid  of 
the  linolenic  series. 

Kape  oil  has  a  considerable  viscosity,  and  hence  has  been 
largely  used  for  lubricating  machinery,  but  of  late  years 
mineral  oils  have  taken  its  place.  It  is  largely  used  in 
admixture  with  mineral  oils  for  lubricating  looms  and  other 
machinery.  Its  lubricating  powers  are  very.  good.  It  has 
however  a  slight  tendency  to  dry  on  the  bearings  or  "  gum  "  ; 
the  freer  the  oil  from  acid  the  less  this  tendency. 

Eape  oil  is  rarely  adulterated,  but  when  this  is  the  case 
the  fact  of  adulteration  is  readily  ascertained. 

CONSTANTS  OF  EAPE  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)       .         .         0-913  to  0'916. 

„       ,,     100°  C.  (212°  F.)     .         .         0-8632. 
Solidifying  Point,  2°  to  10°  C.  (30°  to  44°  F.). 
Insoluble  Fatty  Acids  (Hehner  Value),  95  per  cent. 
Saponification  Value  (Koettstorfer  Test),  17'5  to  17'9  per  cent.  KOH. 
Iodine  (Hubl  Test),  100-8  to  102-6  per  cent. 

Eeichert  Test,  0-25  cc.  —  KOH. 

Maumene  Test,  51°  to  60°  C. 

Viscosity  at  70°  F 135. 

„  100°  F 55. 

„  120°  F 45. 

„  150°  F 28. 

Flash  Point,  530°  F. 
Fire  Test,  625°  F. 

CONSTANTS  OF  FATTY  ACIDS  OF  RAPE  OIL. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8438. 
Solidifying  Point,  18-5°  C.  (65°  F.). 
Melting  Point,  18-5°  to  21-5°  C.  (65°  to  70°  F.). 
Molecular  Weight  (Combining  Weight),  320. 
Iodine  Value  (Hubl  Test),  99  to  103  per  cent. 


198  LUBRICATING   OILS. 


GROUND  NUT  OR  ARACHIS  OIL. 

This  oil  is  obtained  from  the  nuts  of  the  Arachis  Hypogea, 
cultivated  in  various  countries  (chiefly  in  Africa)  on  account 
of  its  oil-yielding  qualities,  the  seeds  containing  some  45  to 
50  per  cent,  of  oil.  Ground  nut  oil  is  of  a  pale  yellow  to 
almost  colourless  oil.  It  has  a  peculiar  nutty  odour  and 
taste ;  its  specific  gravity  ranges  from  0'915  in  the  best 
qualities  to  0*920  in  the  commoner  qualities.  It  saponifies 
readily  with  caustic  potash,  taking  from  19  to  19'5  per 
cent,  of  caustic  potash  (KOH)  for  complete  saponification. 
It  has  but  little  tendency  to  become  rancid  on  keeping, 
but  when  exposed  in  thin  layers  to  the  air  it  is  rather 
more  prone  to  oxidation  than  is  olive  and  lard  oils ;  hence  it 
does  not  form  a  satisfactory  lubricating  oil,  and  although 
from  time  to  time  it  is  used  for  this  purpose,  yet  it  is 
but  rarely  employed. 

In  its  chemical  composition  ground  nut  oil  is  some- 
what peculiar,  inasmuch  as  it  contains  palmitin,  olein, 
stearin,  and  the  glycerides  of  arachidic  and  hypogaeic  acids, 
which  are  almost  peculiar  to  this  oil.  In  many  of  its 
properties  ground  nut  oil  closely  resembles  olive  oil.  The 
presence  and  amount  of  arachis  oil  in  any  sample  of  oil 
may  be  detected  by  separating  out  the  arachidic  acid. 
The  best  process  for  doing  so  is  that  devised  by  Renard. 
It  is  as  follows :  A  quantity  of  the  ground  nut  oil  or  other 
oil  is  thoroughly  saponified  by  means  of  caustic  potash  or 
caustic  soda,  and  the  resulting  soap  decomposed  by  means 
of  acids,  the  fatty  acids  being  collected,  well  washed,  and 
dried.  9 '5  grammes  of  these  acids  (which  may  be  con- 
sidered as  equal  to  10  grammes  of  the  original  oil)  are 
taken,  dissolved  in  alcohol  and  a  solution  of  lead  acetate 
in  alcohol  added,  which  precipitates  the  fatty  acids  as  lead 
soaps.  These  are  collected  on  a  filter,  washed  with  a 
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little  alcohol,  and  then  treated  with  ether  several  times 
until  the  ether  is  no  longer  discoloured  on  adding  a  drop 
of  ammonium  sulphide.  The  ether  dissolves  out  the 
oleate  and  hypogaeate  of  lead,  leaving  the  other  soaps 
insoluble.  The  residue  is  boiled  with  dilute  hydrochloric 
acid  until  the  lead  soaps  are  thoroughly  decomposed. 
When  the  mixture  is  allowed  to  cool  the  fatty  acids  form 
a  solid  mass  on  the  top  of  the  acid  liquor.  They  are 
collected  and  dissolved  in  alcohol  by  heat.  The  solution 
is  allowed  to  cool,  when  crystals  of  arachidic  acid  separate 
out ;  these  are  washed  with  weak  alcohol  of  about  0'890 
specific  gravity,  then  dissolved  in  alcohol,  the  solution 
evaporated  in  a  white  basin,  and  the  residual  fatty  acid 
weighed.  By  multiplying  the  amount  of  acid  obtained 
by  20,  the  weight  of  arachis  oil  present  will  be  obtained 
with  some  degree  of  approximation. 

CONSTANTS  OP  ARACHIS  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)      .         .         0-917  to  0-922. 

„  100°  C.  (212°  F.)     .         .         0-8673. 
Solidifying  Point,  3°  to  7°  C.  (26-5°  to  19'5°  F.). 
Insoluble  Fatty  Acids  (Hehner  Value),  95-86  per  cent. 
Saponifieation  Value  (Koettstorfer  Test),  19-13  to  19-7  per  cent.  KOH. 
Iodine  Value  (Hubl  Test),  98  to  90  per  cent. 
Maumene  Test,  51°  C. 

CONSTANTS  OF  FATTY  ACIDS  OF  AEACHIS  OIL. 

Specific  Gravity  at  100°  C.  (212°  F.),  0-8475. 
Solidifying  Point,  28°  C.  (82-5°  F.). 
Melting  Point,  29-5°  C.  (85°  F.). 
Iodine  Value,  96*5  per  cent. 
Molecular  Weight,  282. 

NIGER  SEED  OIL. 

This  oil  is  obtained  from  the  seed  of  the  Guizotia 
Oleifera,  and  it  is  of  a  pale  yellow  colour,  with  but  little 
odour,  and  has  a  sweet  taste.  It  is  rather  more  limpid 
than  rape  oil ;  its  specific  gravity  is  0'924  to  0'928.  Niger 
seed  oil  is  a  semi-drying  oil,  ranking  between  cotton  seed 
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and  linseed  oil  in  its  drying  properties.  It  is  therefore 
not  suitable  for  lubricating  machinery  on  account  of  its 
tendency  to  gum,  owing  to  its  oxidation  by  absorption  of 
oxygen.  It  has  been  occasionally  used  for  this  purpose. 

FISH  OILS. 
ARCTIC  SPERM  OIL. 

This  oil  is  obtained  from  the  Arctic  sperm  or  bottlenose 
whale  (Balcena  Eostrata).  The  oil  is  found  in  the  blubber 
surrounding  the  body  of  the  whale,  and  is  extracted  from 
it  in  the  usual  manner.  As  first  obtained,  the  oil  contains 
much  spermaceti ;  this  is  extracted  by  refrigerating  or 
cooling,  and  subjecting  the  cooled  oil  to  pressure  and 
filtering. 

Arctic  sperm  oil  is  a  limpid  oil,  of  a  pale  yellow  colour ; 
its  odour  is,  as  a  rule,  in  well-prepared  oils  but  slight,  and  is 
of  a  fishy  nature.  Well-made  sperm  oil  will  deposit  but 
little  solid  matter  when  subjected  to  cold. 

It  is  not  liable  to  become  rancid  by  keeping.  It  retains 
its  viscosity  under  the  influence  of  heat  better  than  any 
other  oil.  For  lubricating  quickly-moving  light  machinery, 
like  spinning  spindles,  there  is  no  better  oil,  but  it  is  not 
suitable  for  heavy  machinery.  It  has  no  tendency  to  dry  up 
and  become  gummy  on  the  bearings,  nor  has  it  any  corrosive 
action  on  them. 

A  very  similar  oil  is  the 

SOUTHERN  SPERM  OIL. 

This  is  obtained  from  the  true  sperm  or  cachalot  whale 
(Physeter  Macrocephalus),  which  is  notable  for  the  enormous 
size  of  the  head.  It  is  an  inhabitant  of  the  Pacific  and 
Indian  Oceans,  but  is  becoming  scarcer  year  by  year.  The 
Southern  sperm  oil  is  the  original  sperm  oil,  the  Arctic 
variety  being  of  more  modern  introduction. 
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This  oil  is  found  in  the  head  cavity,  a  large  vessel  which 
will  hold  as  much  as  200  barrels  full  of  oil.  It  is  also  ob- 
tained from  the  blubber  of  the  whale.  That  from  the  head 
is  usually  considered  to  be  of  better  quality  than  that  from 
the  blubber,  but  that  is  doubtful.  On  cooling,  the  oil  as  it 
-comes  from  the  whale  deposits  spermaceti,  and  the  modern 
methods  of  refining  have  for  their  object  the  extraction  of  as 
much  spermaceti  as  possible  from  the  oil. 

There  does  not  seem  to  be  any  material  difference 
between  the  two  varieties  of  sperm  oil  except  in  price,  the 
Southern  sperm  being  the  more  expensive ;  some  users  con- 
sider it  to  lubricate  better  than  does  Arctic  sperm.  It  will 
be  convenient,  therefore,  to  discuss  the  chemical  and  physi- 
cal properties  of  these  two  oils  together  under  the  name  of 
.sperm  oil. 

Sperm  oil  is  a  thin,  limpid  oil  of  a  pale  yellow  colour, 
having  a  fishy  odour  and  taste  which  is  but  slight.  It  is 
very  light  in  specific  gravity— 0'880  to  0'884  at  60°  F.— if 
.anything,  Arctic  being  a  fraction  heavier  than  the  Southern 
sperm  oil.  It  is  therefore  the  lightest  of  all  natural  oils. 
It  differs  markedly  from  all  other  oils  insomuch  as  it  is  not 
a  glyceride,  but  resembles  the  waxes  in  its  chemical  com- 
position, being  a  compound  of  fatty  acids  with  alcohol 
radicles.  The  acid  or  acids  belong  to  the  oleic  series,  for 
it  or  they  can  be  elaidinised,  but  up  to  the  present  they 
have  not  been  isolated.  The  alcohols,  also,  have  not  been 
separated.  The  amount  of  caustic  potash  required  to 
saponify  sperm  oils  is  low,  from  12*3  to  14'7  per  cent.  KOH. 
The  oil  contains  from  39  to  41  per  cent,  of  alcoholic  bodies. 
Sulphuric  acid  gives  rise  to  an  increase  of  heat  of  47°  to  51° 
€.,  and  gives  a  yellowish  brown  mass,  which  distinguishes 
sperm  oil  from  other  fish  oils.  This  oil  absorbs  from  81  to 
84  per  cent,  of  iodine.  The  two  varieties  of  sperm  oil  can- 
not be  distinguished  from  one  another  by  any  chemical  test ; 
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there  are  some  small  differences  in  the  odour  and  taste  by 
means  of  which  an  expert  can  distinguish  between  them. 

Sperm  oils  are  frequently  adulterated,  but  their  peculiar 
properties  enable  the  analyst  to  detect  this  adulteration. 
The  best  tests  to  apply  are  the  specific  gravity,  Koettstorfer 
test,  and  flash  point.  When  boiled  with  caustic  soda  or 
potash,  sperm  oils  give  a  red  coloration. 

CONSTANTS  OF  SPERM  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)        .        .        0-875  to  0-883. 

„       „      100°  C.  (212°  F.)       .         .         0-803. 

Saponification  Value  (Koettstorfer  Test),  12-5  to  14  per  cent.  KOH. 
.      Iodine  Value  (Hubl  Test),  84  per  cent. 

Keichert  Value,  1-3  cc.  -^  KOH. 

Fatty  Acids,  60  to  64  per  cent. 

Alcohols,  39  to  41  per  cent. 

Maumene  Test,  51°  C.  (124°  F.). 

Flash  Point,  515°  F. 

Fire  Test,  600°  F. 

Arctic.         Southern. 

Viscosity  at  70°  F 65  63 

,,100°F 37  31 

,,120°F.        .....         29  26 

,,150°F 21  20 

CONSTANTS  OF  FATTY  ACIDS  FROM  SPERM  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.),  0*899. 
Solidifying  Point,  11°  to  12°  C.  (52°  to  53°  F.). 
Melting  Point,  13°  C.  (55°  F.). 

Combining  Equivalent  (Molecular  Weight),  281  to  290. 
Iodine  Value,  85  per  cent. 

WHALE  OIL. 

This  is  also  known  as  train  oil  and  sometimes  as  blub- 
ber oil.  It  is  obtained  from  the  blubber  of  various  species 
of  whales,  of  which  the  principal  is  the  Greenland  or  right 
whale  (Balana  Mysticetus),  which  is  an  inhabitant  of  the 
Arctic  seas.  From  the  blubber  of  this  whale  about  125 
barrels  of  oil  are  obtained.  The  Polar  whale  (Bal&na 
Glacialis)  is  found  on  the  coasts  of  Greenland,  Iceland  and 
Northern  Norway.  The  yield  of  oil  from  this  whale  aver- 
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ages  about  ninety  barrels.  The  humpback  whale  (Balcenop- 
tera  Boops)  and  the  "finner"  whale  (Balanoptera  Gibbar)  are 
natives  of  the  Northern  seas ;  they  yield  a  good  quantity  of 
oil,  usually  of  good  quality.  The  common  whale  (Balcena 
Rostrata)  is  a  usual  inhabitant  of  the  seas  north  of  Scot- 
land, and  yields  a  small  amount  of  oil.  Other  species  of 
whale  are  caught  in  the  Southern  seas.  Generally  no- 
attempt  is  made  at  keeping  the  oil  from  each  species  of 
whale  distinct,  although  it  is  reasonable  to  suppose  that 
there  will  be  some  difference  in  the  chemical  composition 
and  properties  of  the  oil  obtained  therefrom.  The  blubber  of 
the  whale  varies  in  thickness  from  eight  to  twenty  inches. 
At  one  time  the  oil  was  obtained  from  it  by  very  crude 
means :  the  blubber  was  cut  up  into  small  pieces,  placed  on 
racks,  and  the  oil  allowed  to  drain  from  it.  This  it  was  en- 
abled to  do  by  the  openness  of  texture  of  the  blubber,  and 
also  by  the  animal  tissue  becoming  decomposed.  The  result, 
however,  was  the  production  of  a  quality  of  oil,  dark  in 
colour,  possessing  a  very  strong  odour  and  containing  a 
great  deal  of  free  acid.  To  purify  the  oil  it  was  usual  to- 
heat  it  up  to  a  temperature  of  about  220°  F.,  which  de- 
stroyed the  odour,  and  then  to  boil  it  with  water  for  about 
an  hour,  after  which  it  was  allowed  to  settle  and  the  oil  run 
off  into  casks. 

A  better  method  is,  however,  now  largely  adopted.  The 
fresh  blubber  is  cut  up  into  pieces  and  boiled  with  water  to 
liberate  the  oil  from  it.  •  This  method  is  described  in  detail 
on  page  134.  This  process  yields  an  oil  much  paler  in 
colour,  freer  from  odour,  and  more  neutral  in  properties  than 
is  obtained  from  the  old  method. 

Whale  oil  is  a  very  variable  product.  In  colour  it  ranges 
from  a  straw  yellow — "pale  Norwegian  whale  oil" — to  a 
reddish  brown — "  brown  whale  oil  " — the  fresher  the  blubber 
the  paler  the  oil.  Some  varieties  of  crude  whale  oil  deposit. 
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stearin  on  cooling ;  this  stearin  is  usually  separated  out  and 
used  in  the  preparation  of  soap.  The  specific  gravity  ranges 
from  0-920  to  0'931  at  60°  F.  ;  it  requires  from  19  to  20  per 
cent,  of  caustic  potash  to  saponify  it ;  it  absorbs  80  per  cent, 
of  iodine  and  50  per  cent,  of  bromine.  The  increase  in 
temperature  with  sulphuric  acid  ranges  from  85°  to  91°  C. 
Sulphuric  acid  also  produces  a  purple  colour  with  whale  oil. 
The  chemical  composition  is  rather  variable  ;  some  samples 
contain  glycerides  of  low  fatty  acids,  and  when  subjected  to 
the  Eeichert  test,  the  distillate  takes  from  5  to  12  cc.  of 
decinormal  alkali.  The  fatty  acid  most  common  is  valeric 
acid. 

When  boiled  with  caustic  soda  or  caustic  potash,  whale 
oils  give  a  red  coloured  soap. 

Whale  oil  is  a  cheap  oil  and  is  rarely  adulterated,  and 
then  usually  with  mineral  oil.  It  is  employed  in  soap- 
making,  in  illuminating,  and  to  a  small  extent  the  better 
qualities  are  used  as  lubricants.  In  this  capacity  they  give 
fairly  good  results  when  used  on  shafting,  machinery  bear- 
ings, and  mixed  with  mineral  oil  they  work  fairly  well  for 
looms  and  spindles  of  textile  machinery ;  it  is  important, 
however,  that  none  but  the  best  qualities  should  be  used  for 
this  purpose. 

CONSTANTS  OF  WHALE  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)     .         .         .         .         0-925. 

„  100°  C.  (212°  F.)          ...         0-8725. 
Solidifying  Temperature,  2°  C.  (30°  F,.). 
Insoluble  Fatty  Acids  (Hehner  Value),  93*5  per  cent. 

N 
Reichert  Value,  2  to  12  cc.  j^KOH. 

Saponification  Value  (Koettstorfer  Test),  18'8  to  19'4  per  cent.  KOH. 

Iodine  Value,  110  per  cent. 

Maumene  Test,  91°  C. 

Viscosity  at  70°  F.    .    .    .    .    .    .  .    112. 

„  100°  F '.  55. 

„  120°  F 36. 

„  150°  F 30. 
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SEAL  OIL. 

Various  species  of  seals,  such  as  Phoca  fcetida,  the  harp 
seal,  Phoca  Greenlandica,  the  hooded  seal,  Crystophora  Cristata, 
Phoca  barbata,  yield  a  fairly  large  quantity  of  oil  varying  of 
course  in  amount  in  the  different  species  of  seals,  the  larger 
varieties  from  20  to  25  gallons  being  usually  the  yield.  The 
seal  fishery  is  a  very  important  one  in  and  around  the  coasts 
of  Newfoundland,  Greenland,  and  North  America,  the  seals 
being  captured  for  the  sake  of  their  skins  and  oil.  The  oil 
is  extracted  from  the  blubber  by  the  same  process  as  whale 
oil.  No  attempt  appears  to  be  made  to  keep  the  oil  from 
various  species  of  seal  separate. 

Seal  oil,  like  whale  oil,  varies  considerably  from  a  light 
straw-coloured  oil,  with  a  very  slight  fishy  odour,  to  a  brown, 
strongly  odorous  oil ;  the  specific  gravity  ranges  from  0'924 
to  0'929  ;  it  requires  19  per  -cent,  of  caustic  potash  to  saponify 
it ;  it  absorbs  91  per  cent,  of  iodine  or  57  per  cent,  of  bromine. 
It  is  used  for  a  variety  of  purposes,  soapmaking,  illuminat- 
ing, and,  to  a  small  extent,  for  lubricating  machinery,  its 
lubricating  properties  being  similar  to  those  of  whale  oil. 

CONSTANTS  OF  SEAL  OIL. 
Specific  Gravity  at  15°  C.  (60°  F.)       .         .        0-915  to  0-920. 

„  100°  C.  (212°  F.)  .         .        0-8733. 
Solidifying  Point,  3°  C.  (26 '5°  F.). 
Insoluble  Fatty  Acids  (Hehner  Value),  94  per  cent. 

Reichert  Value,  0-2  cc.  ^L  KOH. 

Iodine  Value,  127  to  130  per  cent. 

Maumene  Test,  92°  C. 

Viscosity  at  70°  F 75. 

,,100°F .  50. 

,,120°F 32. 

,,150°F 25. 

PREPARED  OILS. 
BLOWN  OR  THICKENED  OIL. 

Many  oils,  such  as  rape,  cotton  seed,  olive,  ground  nutr 
sperm,  neatsfoot,  etc.,  have  the  property  of  absorbing  oxygen 
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and  thereby  becoming  thick  and  viscid.  This  property  is 
taken  advantage  of  in  the  production  of  heavy  viscid  oils 
used  in  conjunction  with  mineral  oil  for  the  purpose  of 
preparing  lubricants  for  heavy  machinery.  The  two  oils 
which  are  most  commonly  used  for  this  purpose  are  rape 
oil  and  cotton  seed  oil,  on  account  of  the  fact  that  they 


FIG.  48.  Plant  for  Blowing  Oils. 

absorb  oxygen  much  more  quickly  than  the  other  oils,  and 
can  therefore  be  thickened  up  much  quicker. 

The  operation  may  be  carried  out  in  a  tall  cylindrical 
pan,  the  bottom  portion  of  which  may  be  jacketed  for  the 
application  of  steam  heat,  or  the  steam  may  be  sent  through 
a  steam  coil.  The  arrangements  ought  to  be  made  so  that 
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•a  current  of  cold  water  can  be  passed  either  through  the 
steam  jacket  or  the  steam  coil  for  the  purpose  of  regulating 
the  temperature  during  the  operation.  Air  is  blown  in 
through  a  vertical  pipe  which  passes  down  nearly  to  the 
bottom,  the  air  being  blown  in  by  an  air  pump,  a  rotary 
blower,  or  a  centrifugal  pump.  For  the  purpose  of  bringing 
the  oil  into  intimate  contact  with  the  air,  the  air  pipe  is 
usually  made  to  terminate  in  a  perforated  coil  or  cross  piece, 
or  it  may  terminate  in  a  perforated  box. 

Figure  48  is  a  drawing  of  Veitch  Wilson's  apparatus.  The 
vertical  air  pipe  is  open  at  the  bottom  of  the  pan  and  about 
one  inch  above  the  opening  in  the  bottom  of  the  inverted 
truncated  cone,  the  greatest  diameter  of  which  is  about 
one-third  of  that  of  the  pan,  while  the  opening  in  the  bottom 
is  the  same  as  that  of  the  air  pipe.  The  inverted  cone  is 
supported  in  the  centre  of  the  bottom  of  the  pan  by  stays 
bolted  by  short  screws  to  the  sides  and  bottom  of  the  pan. 
When  air  is  driven  through  the  central  pipe  it  impinges 
upon  the  oil  at  the  narrow  opening  in  the  cone,  and  by 
setting  it  in  motion  induces  a  downward  suction  and  a 
circulating  motion  affecting  the  whole  contents  of  the  pan. 
The  apparatus  shown  in  Figure  44  for  bleaching  fats  by  air 
may  also  be  used  for  this  purpose. 

The  operation  of  thickening  oils  is  carried  on  as  follows : 
The  pan  is  filled  half  full  of  oil.  Steam  is  then  sent  into 
the  jacket  or  coil,  and  the  temperature  of  the  oil  raised  to 
160°  or  170°  F.  The  air  which  is  sent  in  should  also  be 
heated  to  the  same  temperature.  The  air  is  then  blown  in. 
In  a  short  time  the  oil  begins  to  oxidise,  and  the  temperature 
shows  signs  of  rising.  When  this  happens  the  steam  is 
turned  off  or  otherwise  regulated,  so  as  to  maintain  a  uniform 
temperature.  Should  the  temperature  show  signs  of  rising 
too  much,  then  means  must  be  taken  by  using  the  current 
of  cold  water  or  otherwise  of  reducing  it  down  to  that 
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required.  The  operation  extends  from  eighteen  hours  to 
forty-eight  hours,  the  variation  in  length  of  time  being 
brought  about  by  the  differences  in  the  quality  of  the  product 
which  it  is  desired  to  make,  and  by  the  conditions  under 
which  the  operation  is  carried  on.  Given  sufficient  length 
of  time,  products  may  be  obtained  of  almost  any  required 
degree  of  specific  gravity  up  to  O985  or  0'999,  and  varying 
in  consistency  from  medium  to  very  viscid  or  even  solid  oils. 
The  temperature  of  working  also  has  some  influence,  the 
higher  it  is  the  quicker  the  action  proceeds  ;  the  products 
produced  under  these  conditions  are  usually  darker  in 
colour,  and  have  a  stronger  odour  than  those  produced  at 
low  temperatures. 

Thickened  oils  have  a  peculiar,  characteristic  odour  by 
means  of  which  they  can  be  readily  distinguished  when 
mixed  with  other  oils.  Boiled  with  caustic  alkalies  they 
give  a  dark  red  coloration.  They  yield  from  85  to  90  per 
cent,  of  insoluble  fatty  acids,  which  shows  that  the  operation 
of  blowing  converts  some  of  the  original  insoluble  acids  of 
the  oil  into  soluble  ones.  Another  feature  is  that  these  acids 
are  not  entirely  soluble  in  petroleum  spirit,  which  would 
show  that  the  acids  had  been  converted  into  hydroxy  acids. 
The  flashing  point  of  the  oil  is  lowered  considerably.  The 
viscosity  is  increased  ten  to  twenty  times  at  the  ordinary 
temperature,  but  it  is  reduced  rapidly  by  heat.  They  usually 
contain  more  free  acid  than  the  unthickened  oils. 

Although  these  oils  have  now  been  in  use  for  many  years 
as  lubricants  without  any  complaints  having  been  made,  yet 
the  author  regards  their  use  with  some  degree  of  suspicion 
as  likely  to  lead  to  gumming  and  the  formation  of  deposits 
on  the  machinery. 

THICKENED  RAPE  OIL. 

This  oil  is  prepared  from  the  ordinary  rape  oil ;  the  usual 
specific  gravity  of  the  commercial  article  is  0'965  to  0'967, 
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very  nearly  that  of  castor  oil.  It  is  viscid  in  character,  clear 
and  transparent  in  appearance,  light  yellow  in  colour,  and 
has  a  faint,  peculiar  odour.  It  mixes  well  with  all  other  oils, 
and  is  largely  used  for  mixing  with  mineral  oils.  For  the 
production  of  engine  oils  and  of  oils  for  heavy  machinery  it 
has  been  found  fairly  successful.  The  proportion  usually 
employed  is  10  to  20  per  cent,  of  the  thickened  rape  oil  to  90 
or  80  per  cent,  of  mineral  oil ;  in  some  cases  other  fat  oils, 
such  as  neatsfoot  or  animal  oil,  are  used  in  addition.  A  few 
figures  relating  to  thickened  rape  oil  are  given  below  in  the 
table  of  constants. 

CONSTANTS  OF  THICKENED  RAPE  OIL. 

Specific  Gravity  at  15°  C.  (60°  F.)          ...        0-9668. 
„  100°  C.  (212°  F.)      .         .         .         0-9175. 
Saponification  Value  (Koettstorfer  Test),  22-12  per  cent.  KOH. 
Fatty  Acids  (Hehner  Test),  87'5  per  cent. 
Maumene  Test,  65°  C. 
Iodine  Value  (Hubl  Test),  95-5  per  cent. 
Bromine  Value  (Hehner  Test),  63-5  per  cent. 
Viscosity  at  70°  F 1620. 

„  100°  F 360. 

,,120°F 280. 

,,150°F 140. 

Reichert  Test,  1-2  cc.    —  KOH. 

Flash  Point .         360°  F. 

Fire  Test 520°  F. 

LAKDINE  OIL. 

This  oil  is  prepared  from  cotton  seed  oil.  It  is  made  of 
various  gravities  ranging  from  0'967  to  0*980.  In  most  of  its 
features  it  resembles  thickened  rape  oil.  It  is  usually,  how- 
ever, rather  more  cloudy  in  appearance,  somewhat  darker  in 
colour,  and  has  a  stronger  odour.  It  is  used  in  the  same 
way  as  thickened  rape  oil,  and  for  the  same  purposes. 
The  heavier  grades  of  lardine  do  not  mix  thoroughly  with 
mineral  oils,  and  to  enable  them  to  blend  it  is  needful  to 

have  a  large  proportion,  40  to  50  per  cent.,  of  the  lardine, 

14 
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or  to  use  it  in  conjunction  with  some  other  fatty  oil. 
The  lighter  grades  of  lardine  oils  mix  fairly  well  with 
mineral  oils  in  all  proportions.  The  table  below  gives  a 
few  figures  relating  to  this  product. 

CONSTANTS  OF  LARDINE. 

Specific  Gravity  at  15°  C.  (60°  F.)         ...        0-9817. 
„   100°  C.  (212°  F.)      .         .         .        0-9240. 
Saponification  Value  (Koettstorfer  Test),  24-64  per  cent.  KOH. 
Fatty  Acids  (Hehner  Value),  91 '4  per  cent. 
Maumene  Test,  75°  C. 
Reichert  Test,  1-3  cc.   ^  KOH. 

Viscosity  at  70°  F 3010. 

„  100°  F.    .         .      • 1570. 

„  120°  F .  480. 

„         „  150°  F 340. 

Bromine  Value  (Hehner  Test),  85  per  cent. 
Iodine  Value  (Hubl  Test),  128  per  cent. 

Flash  Point 400°  F. 

Fire  Test  500°  F. 


CHAPTER  VI. 

TESTING  AND  ADULTERATION  OF  OILS. 

IT  is  not  intended  in  this  chapter  to  enter  very  fully  into  all 
the  various  tests  that  have  been  described  and  applied  in  the 
testing  and  analysis  of  oils,  but  simply  to  describe  a  few 
of  the  more  simple  and  characteristic  tests,  so  that  oil 
dealers  may  be  able  to  ascertain  whether  a  sample  of  oil 
be  pure,  or  whether  it  be  a  fit  lubricant  for  the  particular 
purpose  for  which  it  is  to  be  used. 

The  practical  analysis  of  oils  is  one  surrounded  by  many 
difficulties,  and  to  make  a  satisfactory  analysis  and  to  report 
on  the  purity  of  a  suspected  sample  demands  a  large  and 
varied  experience  among  oils,  an  experience  which  it  cannot 
be  expected  that  an  oil  user  should  possess.  It  is  therefore 
advisable  to  submit  a  suspected  sample  to  a  competent 
analyst,  and  it  is  desirable  that  such  an  analyst  should  have 
a  special  knowledge  of  oils.  In  fact  it  would  pay  large  users 
of  oil  to  make  special  terms  with  such  analyst  to  test  every 
lot  of  oil  they  have  delivered  to  them,  to  see  that  it  is  what 
it  is  represented  to  be  and  that  it  is  fit  to  use.  In  sending 
a  sample  to  an  analyst  to  be  tested,  from  6  to  8  ounces 
should  be  supplied,  as  satisfactory  tests  cannot  be  made  with 
less. 

In  judging  the  purity  or  otherwise  of  a  sample  of  oil  the 
following  tests  are  made  : — 

1st.  Specific  gravity. 

2nd.  Alkali  tests. 

(211) 
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3rd.  Sulphuric  acid  tests. 
4th.  Free  acid  test. 
5th..  Viscosity  test. 
6th.  Flashing  point  test. 
7th.  Evaporation  test. 
8th.  Iodine  test. 

The  5th,  6th,  and  7th  are  applicable  solely  to  mineral 

oils  or  to  mixed  oils.     It  is  useless  to  apply  them  to  fatty  oils, 

because  with  these  oils  these  factors  are  fixed  quantities  and 

cannot  be  altered  by  any  means.     The  method  of  making 

these  various  tests  will  be  described,  and  then 

a  few  special  tests  for  certain  of  the  oils  will 

be  noticed. 

1.  Specific  gravity  test.  There  are  three 
ways  of  determining  the  specific  gravity  of  a 
sample  of  oil :  1st,  by  a  specific  gravity  bottle  ; 
2nd,  by  a  hydrometer ;  3rd,  by  the  Westphal 
specific  gravity  balance. 

The  bottle  method  is  the  most  accurate. 
The  specific  gravity  bottle  is  one  made  specially 
FIG.  49.  Specific    for  the  purpose ;  it  consists  (Figure  49)  of  a 

Gravity  Bottle. 

small  thin  glass  bottle,  accurately  stoppered, 
and  the  stopper  has  a  small  thin  tube  bored  through  it  so 
that  it  will  always  hold  the  same  volume  of  liquid  when 
filled. 

The  bottle  is  carefully  filled  with  the  oil  to  be  tested, 
taking  care  to  avoid  the  formation  of  air  bubbles,  the 
stopper  is  carefully  inserted,  the  outside  wiped  clean  and 
dry,  and  the  whole  is  weighed.  The  weight  of  water  the 
bottle  holds  is  also  ascertained.  Then  the  weight  of  the  oil 
is  divided  by  the  weight  of  the  water  the  bottle  holds, 
and  the  result  is  the  specific  gravity  of  the  oil  :  thus 
a  sample  of  olive  oil  gave  the  following  figures  : — 
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Weight  of  bottle  full  of  water 
Weight  of  bottle 

Weight  of  water 

Weight  of  bottle  full  of  oil 
Weight  of  bottle 


38-496  gramme 
13-496 


25-000 


36-387 
13-496 

22-891 


22-891 
25 


=  0'91564,  specific  gravity  of  the  oil. 


Before  filling  the  bottle  with  the  oil,  see  that  the 
temperature  of  the  latter  is  60°  F.,  which  is  the  standard 
temperature  to  which  the  specific  gravities  of  all  oils  are 
referred. 

Sprengel's  tube,  which  is  a  U-shaped  tube  with  capillary 
tubes  (Figure  50),  turned  at 
right  angles  at  the  ends,  is  a 
very  convenient  piece  of  ap- 
paratus for  the  determination 
of  specific  gravities  where  only 
small  quantities  are  available, 
or  it  is  desired  to  find  the 
gravity  at  a  higher  temperature  FlG-  5(X  Sprengei  Gravity  Tube, 
than  60°  F.  The  apparatus  is  used  in  the  following  manner  : 
It  is  first  weighed,  then  filled  with  water,  and  weighed 
again  ;  then  filled  with  the  oil  whose  gravity  is  to  be  tested, 
and  weighed  again.  The  tube,  after  being  used  for  the 
water,  should  be  cleaned  out  by  first  filling  with  methylated 
spirit,  then  with  ether,  and  dried.  If  the  gravity  is  to  be 
determined  at  some  higher  temperature,  it  suffices  to  suspend 
the  tube  in  a  flask  or  beaker  of  water  at  that  temperature, 
and  keep  it  there  for  a  short  time,  then  take  it  out,  dry  the 
outside  of  the  tube,  and  weigh. 

The  hydrometer  (Figure  51)  method  of  determining 
specific  gravity  of  oil  is  the  one  most  in  use  by  oil  dealers  and 
consumers,  and  it  is  carried  out  as  follows :  The  oil  to  be 
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tested  is  placed  in  a  cylindrical  glass  jar  (Figure  52)  and  the 
hydrometer  is  immersed  in  the  oil.     The  degree  on  the  scale 
of  the  latter  instrument,  which  is  level  with 
the  surface  of  the  oil,  is  the  specific  gravity. 

Hydrometers   are  made    provided    with    a 
J    variety  of  scales,  but  what  the  oil  tester  wants 

O 

3    is  two  instruments,  one  with  a  scale  ranging 
•3    from  0'730  to  0'860,  and  the  other  with  a  scale 
w    from  0-860  to  I'OOO.     The  latter  includes  all  the 
10    various  grades  of  lubricating  oils,  and  the  former 
£    includes  all  the  gravities  of  the  lighter  naphthas 
and  burning  oils.     As  a  rule,  the  two  mentioned 
will  be  found  sufficient,  but  if  greater  accuracy 
is  required  then  more  instruments  must  be  used 
to  take  the  same  range  of  gravities.     The  special  form  of 
hydrometer  frequently  sold  under  the  name  of  "oleometer  " 
is  perfectly  useless  and  should  never  be  used. 
^   Its  divisions  are  arbitrary,  and  nobody  seems 
^   to  understand  them.     This  method  of  deter- 

S_i 

-§  mining  the  specific  gravity  is  subject  to  many 

o  defects.     A  large  quantity  of  oil  is  required  to 

jg»  float  the  instrument  properly,  a  quantity  which 

c<i  is  not  always  available.     The  accuracy  of  the 

»o 

^  instruments,  as  ordinarily  sold,  is  not  to  be 
^  depended  upon,  inasmuch  as  the  scale  is  no.t 
adjusted  for  each  particular  instrument,  and  it 
is  impossible  to  make  two  alike  in  every  respect — and  to 
have  one  especially  graduated  to  ensure  accuracy  is.  a  costly 
proceeding — and  there  are  other  minor  defects. 

The  Westphal  balance  (Figure  53)  method  is  a  more  accu- 
rate one,  and  is  just  as  easy  to  work  as  the  hydrometer,  while 
the  results  are  perfectly  reliable.  The  Westphal  balance  is 
simple  and  easy  to  understand,  and  gives  the  specific  gravity 
directly.  The  principal  part  of  the  apparatus  is  a  glass 


SPECIFIC    GRAVITY   OF    OILS.  215 

bulb  which  has  a  volume  of  5  cc.  Consequently,  when 
immersed  in  water,  it  requires  the  balance  arm  to  which  it 
is  attached  to  be  loaded  with  a  weight  of  5  grammes  to 
restore  the  equilibrium.  In  liquids  of  lighter  gravity  pro- 
portionately a  smaller  weight  would  be  required,  or  in 
heavier  liquids  a  heavier  weight.  Eiders  of  5,  0'5,  0*05, 
and  0'005  grammes  are  supplied,  and  with  these  the  specific 


FIG.  53.  Westphal  Specific  Gravity  Balance. 

gravity  is  easily  ascertained.  The  position  on  the  balance 
arm  of  these  weights  gives  the  gravity  at  once  without  any 
calculation  being  required.  The  balance  is  used  as  follows : 
It  is  mounted  in  position,  and  by  means  of  the  regulating 
screw  at  the  base  of  the  balance  the  two  pointers  are  brought 
into  line  with  one  another.  Then  the  glass  jar  is  filled  with 
oil,  and  the  glass  bulb  immersed  in  the  latter.  The  large 
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rider  is  now  placed  on  the  beam  at  the  nearest  division  to 
produce  equilibrium,  then  the  next  rider,  and  so  on,  until 
the  two  pointers  are  again  brought  into  line.  Then  the 
numbers  of  the  divisions  are  read  off  in  the  order  of  the 
weights,  and  these  give  the  specific  gravity.  Thus,  suppos- 
ing the  largest  weight  was  on  the  9,  the  next  on  the  1,  the 
next  on  the  8,  and  the  smallest  on  the  3  divisions  of  the 
balance  arm,  the  specific  gravity  is  0'9183. 

The  glass  plummet  supplied  with  the  instrument  takes 
the  form  of  a  thermometer,  the  range  of  which  is,  however, 
only  a  few  degrees  on  each  side  of  60°  F.  By  substituting 
for  this  a  plummet  made  of  solid  glass  rod  of  exactly  5  cc. 
in  volume,  it  is  possible  with  the  Westphal  balance  to  obtain 
the  specific  gravity  of  oils  at  any  temperature. 

The  balance  does  not  give  good  results  with  very  viscid 
liquids  like  glycerine,  thickened  rape  and  cotton  seed  oils, 
cylinder  oils,  and  such  should  be  tested  with  the  bottle. 

Temperature  is  an  important  element  in  testing  the 
specific  gravity  of  oils,  and  therefore  the  temperature  of  the 
oil  at  the  time  of  testing  must  be  noted.  The  standard  tem- 
perature is  60°  F.  (15°  C.),  and,  if  possible,  samples  of  oil 
should  be  brought  to  this  temperature  before  testing.  Tem- 
perature affects  oils  by  decreasing  the  gravity  as  the  tem- 
perature increases  and  vice  versa.  Although  there  are  slight 
differences  among  the  various  oils  as  to  the  amount  of  varia- 
tion brought  about  by  temperature,  yet  these  variations  are 
slight,  and,  for  the  purposes  of  correction,  may  be  neglected. 
The  difference  in  the  specific  gravity  of  an  oil  for  1°  F.  is 
0-00035,  and  for  1°  C.  0-00063.  Using  these  factors,  correction 
for  temperature  may  be  made.  Thus,  suppose  an  oil  has  a 
specific  gravity  of  0'915  at  57°  F.  At  60°  F.,  the  standard 
temperature,  it  will  have  a  gravity  of  0'915  —  (0*00035  x  3) 
=  0'91395.  Similarly  an  oil  which  at  64°  F.  has  a  specific 
gravity  of  0'918,  at  60°  F.  its  gravity  will  be  0'918  + 
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(0-00035  x  4)  =  0-9194.  In  other  words,  multiply  0'00035 
by  the  number  of  degrees  above  or  below  60°  F.  and  add  to 
or  subtract  from  the  specific  gravity  found  according  as  the 
temperature  is  above  or  below  the  standard  temperature  of 
<60°  F. 

Too  much  stress  must  not  be  placed  on  the  specific 
gravity  test.  Like  most  other  oil  tests,  its  indications  are 
often  of  a  negative  character.  It  will  not  tell  what  an  oil  is, 
but  what  it  is  not.  Thus  it  will  not  say  that  a  given  sample 
of  sperm  oil  is  pure,  but  it  will  say  when  an  oil  is  not  pure. 
Thus  a  sample  of  oil  said  to  be  sperm  may  have  the  right 
.specific  gravity  (0'880),  but  for  all  that  it  may  not  be  pure, 
and  other  tests  must  be  made  to  decide  this  point.  On  the 
other  hand,  suppose  that  this  test  shows  it  to  have  a  specific 
.gravity  of  0'870,  the  oil  may  be  immediately  condemned  as 
impure. 

The  determination  of  the  specific  gravity  of  solid  fats  like 
tallow,  palm  oil,  etc.,  is  rather  more  troublesome  than  is  that 
•of  liquid  oils,  and  any  method  which  may  be  adopted  leaves 
room  for  doubt  as  to  the  accuracy  of  the  result.  A  simple 
but  only  approximate  method  is  to  melt  the  fat  at  not  too 
high  a  temperature.  Then  pour  it  into  a  specific  gravity 
bottle  and  allow  it  to  cool  down  to  15°  C.  (60°  F.)  and  then 
weigh.  This  plan  is  objectionable  on  account  of  the  great 
contraction  which  some  fats  undergo  on  cooling  down,  which 
may  result  in  the  bottle  not  being  quite  full  of  fat,  and  so  a 
low  and  erroneous  result  will  be  obtained.  Another  plan  is 
to  have  a  wide  glass  tube  fitted  with  a  cover  which  can  be 
pressed  down  tightly.  The  glass  is  first  weighed  full  of 
water,  then  cleaned  with  the  melted  fat,  which  is  allowed  to 
cool  down.  The  cover  is  put  on  and  screwed  down  tightly, 
-and  the  glass  weighed  again. 

Another  plan  which  is  greatly  used  is  to  take  advantage 
of  the  fact  that  fats  or  oils  will  just  float  in  mixtures  of 
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alcohol  and  water  of  the  same  specific  gravity.  The  modus 
operandi-  is  as  follows :  The  fat  is  just  melted  and  then 
allowed  to  drop  into  alcohol,  whereby  it  is  converted  into 
spherical  drops.  Mixtures  of  alcohol  and  water  of  various 
gravities,  0'945,  0'940,  0'935,  etc.,  are  employed.  The 
globules  of  fat  are  dropped  in  each  of  these  alcohol  solutions 
until  one  is  found  in  which  the  fat  floats  ;  the  specific  gravity 
of  that  alcoholic  solution  corresponds  with  that  of  the  fat. 

TABLE  OF  SPECIFIC  GRAVITIES  OF  FATTY  OILS  AT  15°  C. 

(60°  F.) 

Almond  Oil 0-919 

\f  Arachis  (Ground  Nut)  Oil 0-920 

Castor  Oil 0-964 

Coconut  Oil 0-925 

Cotton  Seed  Oil 0-923 

Linseed  Oil 0-932 

Olive  Oil 0-915 

Palm  Oil 0-940 

Rape  Oil 0-914 

Sesame  Oil 0-923 

Lard  Oil .     .  0-912 

Tallow  Oil 0-912 

Neatsfoot  Oil 0-914 

Tallow 0-940 

Sperm  Oil 0-883 

Whale  Oil 0-925 

\i 

In  the  summaries  of  the  constants  given  under  each  oilr 
gravities  at  other  temperatures  are  given. 

2.  Alkali  tests.     As  has  already  been  explained  the  alkalies 
caustic    soda    and    caustic    potash    convert    the    fatty    oils 
into  soap,  but  they  have  no  action  on  hydrocarbon    oils,* 
except  to  form  an  emulsion  from  which  the  oil  gradually 
separates  out  on  standing. 

Alkalies  can  be  used  in  the  testing  of  oils  in  three 
ways :  first,  to  ascertain  whether  an  oil  is  a  pure  fat 
or  an  hydrocarbon  oil,  or  a  mixture  of  both ;  and  in  the 
first  case  by  noting  differences  in  the  colour  and  appearance^ 
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of  the  soap  formed  to  determine  the  character  of  the  fat  oil 
present. 

The  method  of  applying  this  test  is  as  follows :  A. 
solution  of  caustic  soda  or  caustic  potash  (the  latter  has  the 
strongest  action  on  oils  and  very  often  gives  the  best  results) 
is  prepared,  having  a  specific  gravity  of  T340  (68°  Tw.). 
Two  volumes  of  this  solution  are  shaken  up  in  a  test 
tube  with  four  volumes  of  the  oil.  Fat  oils  will  combine 
with  the  alkali  and  form  an  emulsion,  from  which  very  little 
oil  will  separate  on  standing,  and  the  aqueous  layer  always 
has  an  emulsified  appearance.  Hydrocarbon  oils  only  form  a 
slight  emulsion.  The  oil  separates  out  on  standing,  leaving 
the  aqueous  layer  quite  clean  or  with  only  a  faint  cloudy 
appearance.  A  mixed  oil  will  vary  in  appearance  according 
to  the  proportion  of  the  two  oils  present :  if  hydrocarbon  oils 
are  in  the  largest  proportion,  they  will  form  a  layer  on  the 
top  and  the  aqueous  layer  will  be  emulsified ;  if  the  fat  oil  is 
in  the  largest  proportion,  then  it  will  often  be  difficult  to 
detect  the  mineral  oil,  but  a  little  experience  with  this  test 
will  soon  enable  users  of  it  to  detect  small  quantities  of 
hydrocarbon  oil.  A  method  of  detecting  mineral  oils  in  fat 
oils  which  is  more  certain,  and  will  show  2  or  3  per  cent.,  is 
to  dissolve  a  piece  of  caustic  potash  about  the  size  of  a 
pea  in  5  cc.  of  alcohol,  then  add  a  few  drops  of  the  oil  to  be 
tested  and  boil  for  two  or  three  minutes  and  add  3  or  4  cc. 
of  distilled  water.  If  the  solution  remains  clear  only  a  fatty 
oil  is  present.  Mineral  oil  causes  the  solution  to  be  turbid, 
and  even  so  small  a  quantity  as  2  per  cent,  will  show  itself 
in  this  way. 

The  amount  of  mineral  oil  in  mixed  oils  is  best 
ascertained  as  follows  :  25  grammes  of  the  oil  are  mixed 
with  10-15  cc.  of  the  caustic  alkali  solution  and  25  cc.  of 
water  and  5  cc.  of  alcohol ;  the  mixture  is  boiled  with 
constant  stirring  for  about  an  hour,  by  that  time  the  fat 
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oil  will  be  saponified.  The  mixture  is  then  put  into  a 
separating  funnel,  more  warm  water  and  25  cc.  of  petroleum 
ether  added.  The  whole  is  shaken  together  for  a  few 
minutes,  then  allowed  to  stand,  when  it  separates  into 
two  layers.  The  upper  layer  consists  of  the  petroleum  ether 
with  the  mineral  oil,  the  lower  is  an  aqueous  layer  contain- 
ing the  soap  made  from  the  fatty  oil.  This  is  run  off,  clean 
water  added,  the  mixture  shaken  up  and  again  allowed  to 
stand,  and  the  aqueous  layer  again  run  off.  This  operation 
is  repeated  until  the  aqueous  layer  runs  off  clear.  The 
ethereal  layer  is  now  run  into  a  weighed  glass,  the  ether 
•evaporated  off  and  the  residual  oil  weighed.  The  weight 
multiplied  by  four  gives  the  percentage  of  mineral  oil  in 
the  sample. 

Koettstorfer's  saponification  test  is  one  of  the  most 
important  tests  that  can  be  applied  to  oils,  fat  oils  especially. 
'This  is  carried  out  as  follows :  Two  standard  solutions  are 
required  :  one  of  caustic  potash  dissolved  in  alcohol  and 
•containing  about  28  grammes  pure  KOH  in  one  litre  of 
alcohol ;  the  other  is  a  solution  of  sulphuric  acid  containing 
24'5  grammes  H2SO4  per  litre.  Both  these  are  what  are 
called  by  chemists  semi-normal  solutions.  An  alcohol  solu- 
tion of  phenol  phthalein  is  used  as  an  indicator  ;  this  body  is 
colourless,  but  alkalies  turn  it  of  a  deep  red  colour ;  acids 
•destroy  this  colour.  The  solution  should  be  rendered  of  a 
faint  pink  tint  by  adding  a  drop  or  two  of  caustic  potash. 

TWTO  grammes  of  the  oil  or  fat  are  accurately  weighed  in 
a  flask,  and  25  cc.  of  the  alcoholic  solution  of  potash  are 
measured  and  added.  The  flask  has  fitted  to  it  a  long  glass 
tube  which  acts  as  a  condenser.  The  flask  with  its  con- 
denser tube  and  contents  is  heated  in  a  water  bath,  the  flask 
being  shaken  at  intervals  till  the  oil  is  thoroughly  saponified, 
which  will  take  place  in  about  thirty  minutes.  The  flask  is 
then  removed,  and  the  contents  allowed  to  cool.'  A  small 
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quantity  of  the  phenol  phthalein  solution  is  added,  and  the 
standard  acid  solution  run  in  from  a  burette  drop  by  drop 
until  the  red  colour  of  the  mixture  disappears.  25  cc.  of 
the  potash  solution  are  now  boiled  in  the  flask  (which  has 
been  previously  cleaned  out)  alone  for  half  an  hour,  and  then 
the  contents  are  titrated  with  the  standard  acid  as  before.. 
The  difference  between  the  two  amounts  of  acid  used  shows 
the  quantity  of  potash  required  to  saponify  the  oil.  This 
difference  multiplied  by  O028  gives  the  weight  of  KOH  in 
grammes ;  this  multiplied  by  100  and  divided  by  the  weight 
of  oil  gives  the  weight  of  KOH  (potassium  hydroxide) 
required  to  saponify  100  parts  of  oil. 

Methylated  spirit  may  be  used  for  making  the  alcohol 
solution  of  potash  providing  it  be  purified  by  distillation 
over  lime  and  caustic  soda  as  follows  :— 

The  spirit  is  first  placed  in  a  bottle  with  a  small  quantity 
of  quicklime  and  a  piece  of  caustic  soda,  and  allowed  to- 
stand  for  twenty-four  hours,  being  shaken  up  at  intervals. 
The  spirit  is  next  transferred  to  a  retort  or  flask,  and  a  little 
fresh  lime  and  soda  added.  It  is  then  distilled  on  the  water 
bath  till  about  95  per  cent,  has  come  over ;  the  remaining  5 
per  cent,  is  thrown  away.  This  process  frees  the  spirit  from 
impurities  which  gradually  act  on  the  potash,  cause  it  to- 
become  dark  brown,  and  this  coloration  interferes  some- 
what with  the  operation  of  titrating  with  the  acid.  A  slight 
brownness  does  not  make  much  if  any  difference.  It  disap- 
pears along  with  the  red  colour  due  to  the  phenol  phthalein 
at  the  end  of  the  titration. 

The  reason  for  boiling  25  cc.  of  the  potash  alone  is  also 
due  to  the  spirit  or  alcohol  containing  impurities  which 
destroy  the  potash  on  boiling,  and  would  therefore  cause  the 
oil  to  appear  to  have  a  high  saponification  value ;  but  this- 
error  is  eliminated  by  the  method  of  carrying  out  the  test 
described  above. 


222  LUBEICATING    OILS. 

As  a  rule,  oils  that  resemble  olive  oil  require  from  19 
.  /  to  19 '5  per  cent,  of  potash ;  rape  oils  from  17  to  17 '6  per 
cent.  ;  drying  oils  from  18'5  to  19  per  cent. ;  whale  oils, 
18*75  per  cent. ;  solid  fats  like  tallow,  19 '25  to  19'8  per  cent. ; 
coconut  oil,  22  per  cent. ;  butter,  24  per  cent. ;  and  sperm 
oils,  12*3  to  14  per  cent,  of  potash  for  complete  saponification. 

Adulteration  of  fat  oils  with  mineral  oils  would  show 
itself  by  an  abnormally  low  percentage  of  potash  being  re- 
quired ;  and  it  would  be  possible  to  calculate  the  amount 
of  adulteration  from  the  figures  which  have  been  obtained 
by  multiplying  the  percentage  of  potash  by  five,  which  will 
give  approximately  the  percentage  of  fat  oil  in  the  sample. 

3.  Sulphuric  acid  tests.  There  are  two  different  tests 
which  can  be  made  by  means  of  sulphuric  acid  on  oils.  One 
is  a  colour  test,  the  other  is  temperature  test. 

(1)  Colour  test.  This  is  a  most  useful  test  for  fat  oils,  but 
one  where  great  experience  and  a  close,  observant  eye  are 
required.  This  test  must  be  carried  out  only  in  bright  day- 
light, so  that  shades  of  colour  can  be  clearly  discerned.  It 
quite  fails  when  done  by  gaslight  or  a  dull  daylight.  The 
modus  operandi  can  be  varied  somewhat,  but  it  is  essential 
in  applying  this  test  that  it  must  always  be  made  in  the 
same  manner,  as  the  results  are  slightly  different  if  the 
manner  of  making  the  test  is  varied.  A  good  method  is  to 
place  twenty  drops  of  the  oil  in  a  clean  white  basin,  and  then 
add  two  drops  of  strong  sulphuric  acid.  As  the  acid  falls 
through  the  oil  streaks  of  colour  show  themselves,  and  a  tint 
of  characteristic  colour  gradually  spreads  through  the  oil. 
After  a  minute  or  two  the  oil  and  acid  can  be  stirred 
together,  and  the  colour  again  noted.  This  test  should  first 
be  made  with  samples  of  known  purity,  so  as  first  to  gain 
some  experience  of  it,  and,  when  testing  unknown  samples, 
comparative  tests  with  pure  oil  should  also  be  made. 
Vegetable  oils  give  various  colours,  usually  shades  of  yellow, 
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brown,  or  green ;  fish  oils  turn  off  a  violet  or  purple  colour ; 
animal  oils  turn  red  or  reddish  brown.  Hydrocarbon  oils 
turn  a  blackish  brown,  but  this  effect  is  usually  very  slight. 

The  experimenter  had  best  construct  his  own  table  of 
shades  of  colour.  It  is  very  difficult  to  convey  by  words 
what  is  actually  meant  by  a  colour  name. 

(2)  Temperature  test.  This  is  known  as  Maumene's  test, 
and  is  a  very  useful  test  and  one  that  is  easily  made. 
20  cubic  centimetres  of  the  oil  are  measured  into  a  small 
beaker  and  a  thermometer  placed  in  it  and  its  temperature 
noted.  8  cc.  of  strong  sulphuric  acid,  sp.  gr.  1'845,  are  then 
added,  and  the  oil  and  acid  thoroughly  stirred  together  with 
the  thermometer  as  long  as  the  temperature  is  observed 
to  rise.  The  highest  point  which  is  reached  is  noted, 
and  the  initial  temperature  being  subtracted  the  difference 
will  be  the  increase  in  the  temperature  caused  by  the  action 
of  the  acid  on  the  oil ;  and  it  will  be  found  that  the  different 
oils  show  certain  variations  in  the  amount  of  increase  they 
produce,  as  seen  in  the  following  table  : — 


Oils. 

Increase  in  Temperature. 

Olive  Oil    

Degs.  C. 
44 
37 
35 
58 
65 
32 
38 
56 
25 
25 
6 
68 

Degs.  F. 
79-2 
66-6 
63-0 
104-4 
117-0 
57-6 
67-6 
97-2 
45-0 
54-0 
11-0 
122-4 

Sperm  Oil       ....          .          ... 

Rape  Oil    

Eape  Oil  (Thickened)       .     .          .     . 

Cotton  Seed  Oil      

Neatsfoot  Oil 

Tallow  Oil      

Castor  Oil 

Rosin  Oil  

Petroleum  Lubricating  Oil 

Scotch  Shale  Oil     .... 

Linseed  Oil     

These  figures  have  been  obtained  by  the  writer  when 
working  with  this  test.  It  will  be  noticed  that  there 
is  a  marked  difference  between  mineral  oils  and  fat  oils, 
the  former  giving  much  lower  figures  than  the  latter ; 
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and  between  drying  and  non-drying  oils,  drying  oils  yielding- 
much  higher  figures,  the  action  is  more  energetic,  and  there 
is  generally  a  quantity  of  sulphurous  acid  gas  evolved 
(distinguished  by  its  odour  of  burning  sulphur) ;  differences 
may  also  be  noticed  when  carrying  out  this  test  on  the  colour 
and  consistence  of  the  resulting  mass,  which  may  be  util- 
ised as  qualitative  tests  for  the  oils.  The  thickened  rape  and 
cotton  oils  are  more  heated  than  the~  normal  oils.  These 
figures  must  not  be  taken  as  a  standard  of  comparison,  but 
they  are  simply  given  to  show  the  general  tendency  of  this- 
valuable  test.  It  is  found  that  different  observers  obtain 
slightly  different  figures,  although  their  own  figures  are 
concordant  enough.  This  is  due  to  slight  differences  in  the 
conditions  of  carrying  out  the  test,  which  will  naturally  vary 
with  each  observer.  Hence  this  test  must  be  conducted  in 
a  comparative  manner,  samples  of  unknown  purity  with 
samples  of  known  purity. 

With  this  test  it  is  possible  to  ascertain  approximately 
the  proportion  of  the  constituents  of  a  mixed  oil  when  those 
constituents  are  known  ;  thus,  supposing  an  oil  consists  of  a. 
mixture  of  cotton  seed  and  olive  oils,  it  will  yield  an  increase 
of  temperature  between  44°  and  65°  C.,  according  to  the 
relative  proportions  of  the  two.  This  is  worked  out  by 

a  formula : — 

Y_  (C  -  B)  x  100 

A  -  B 

Where  X  =  percentage  of  oil  A  in  sample. 

A  =  mean  rise  for  pure  sample  of  oil  A. 

B  =  „  „  ,,         ,,       B. 

C  =  observed  rise  in  the  mixed  sample. 

Thus,  supposing  in  a  mixture  of  olive  oil  and  cotton  seed  oil 
the  observed  rise  was  56°  C.,  then  according  to  the  above 
formula  we  have 

(56  -  44)  x  100      12  x  100 

65-44        =  -2T-  =  57>1  Per  Cent"  °f  Ol1  A' 
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Then  there  are  57*1  per  cent,  cotton  seed  oil  and  42'9  per 
cent,  olive  oil  in  the  mixed  sample. 

4.  Free  acid  test.  It  is  important  that  lubricating  oils 
should  be  free  from  acid  whether  this  be  of  fatty  or  mineral 
origin,  as  such  free  acid  has  a  destructive  effect  on  the  metal 
of  machinery,  and  it  is  astonishing  what  a  corroding  effect 
a  small  quantity  of  free  acid  in  oil  has  on  metals,  especially 
on  brass  or  copper  when  the  two  bodies  have  been  in  contact 
for  some  time.  If  an  oil  containing  3  per  cent,  of  free  acid  be 
left  in  contact  with  brass  for  12  hours  it  will  have  acquired 
a  green  tint,  showing  that  it  has  dissolved  some  of  the  metal. 

Fat  oils  such  as  olive,  rape,  castor,  cotton,  generally  ^" 
contain  small  quantities  of  free  acid,  rarely  less  than  1  per 
cent.,  and  the  writer  has  found  as  much  as  22  per  cent,  of 
free  fatty  acid  present  in  oils.  This  free  acid  may  have  been 
present  originally  in  the  oil  owing  to  defective  methods  of 
extraction,  or  if  the  sample  be  an  old  one  may  have  developed 
by  keeping. 

All  fatty  oils  on  keeping  for  sometime  slowly  become 
rancid,  some  oils  more  rapidly  than  others.  This  rancidity 
is  brought  about  by  the  combined  action  of  the  oxygen  and 
moisture  present  in  the  air  with  which  they  are  in  contact, 
and  results  in  the  decomposition  and  splitting  up  of  the  oil 
into  its  two  constituent  parts — glycerine  and  fatty  _acid. 
Fatty  acids  have  a  strong  corroding  action  on  metal. 

Mineral  oils  are  usually  free  from  acid.  If  any  be  present 
it  is  most  likely  to  be  sulphuric  acid,  and  indicates  imperfect 
washing  of  the  oil  during  the  process  of  manufacture. 

A  simple  test  for  the  detection  of  acidity  in  oils  is  the 
following :  Make  a  solution  of  phenol  phthalein  in  methy- 
lated spirit,  as  much  of  the  former  as  will  stand  on  a  six- 
pence in  about  6  ozs.  of  the  spirit.  Add  to  the  solution  a 
few  drops  of  caustic  soda  solution  until  the  liquor  has  ac- 
quired a  perceptible  red  tint.  Then  take  a  little  of  the  oil  to 

15 


226  LUBEICATING   OILS. 

be  tested,  add  a  small  quantity  of  the  above  test  solution,  and 
shake  well.  If  there  be  any  acid  in  the  oil,  the  red  colour 
of  the  test  solution  will  be  discharged.  No  other  substance 
is  capable  of  detecting  traces  of  acid  in  oil.  Litmus,  which 
is  much  used  by  many  persons,  is  of  no  use  for  this  purpose. 

The  amount  of  free  acid  in  oils  may  be  readily  deter- 
mined thus :  10  grammes  of  the  oil  are  weighed  into  a  clean 
glass  beaker,  and  10  cc.  of  neutral  methylated  spirit  or 
alcohol  added  with  stirring,  then  1  or  2  cc.  of  the  phenol 
phthalein  test  solution  are  added.  A  standard  decinormal 
solution  of  caustic  potash  or  soda  is  then  run  in  slowly  from 
a  burette,  constantly  stirring  all  the  while,  until  a  permanent 
red  colour  is  obtained.  As  each  drop  of  alkali  solution  falls 
into  the  oil  it  produces  a  pink  spot.  As  long  as  any  acid  is  in 
the  oil  this  disappears  on  stirring.  As  soon,  however,  as  the 
acid  is  neutralised  the  pink  colour  remains  permanent.  Each 
cc.  of  alkali  solution  used  is  equal  to  0'0282  of  free  oleic  acid. 
The  result,  multiplied  by  ten,  gives  the  percentage  of  acid  in 
the  oil. 

If  it  is  necessary  to  distinguish  mineral  acids  from  fat 
acids  in  oil,  a  solution  of  methyl  orange  may  be  used.  This 
is  turned  pink  by  mineral  acids,  such  as  sulphuric  acid,  but 
is  not  affected  by  fatty  acids. 

5.  Viscosity  test.  The  viscosity  of  lubricating  oil  is  one 
of  its  most  important  properties,  and  therefore  the  method 
of  determining  this  must  necessarily  occupy  a  prominent 
position  in  testing  oils. 

Viscosity  or  body  of  oils  is  a  term  used  to  indicate,  to 
some  extent  at  least,  the  relative  fluidity  of  oils.  Those 
which  flow  freely  are  said  to  be  thin,  "  have  no  body,"  while 
those  like  castor  oil  which  do  not  flow  freely,  or  are  viscid 
oils,  are  said  to  have  "body".  This  viscosity  of  oils,  as 
usually  understood,  is  due  to  two  properties  of  the  oil,  co- 
hesion and  adhesion,  which  exert  a  most  important  influence 
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on  their  value  as  lubricants.  Cohesion  binds  the  particles  of 
the  oil  together.  The  greater  this  is  the  more  viscosity  the  oil 
possesses  and  vice  versa.  Further,  the  more  cohesion  there 
is  between  the  particles  of  oil,  the  greater  pressure  or  force 
they  will  resist  before  splitting  apart.  It  therefore  follows 
that  a  viscid  oil  will  lubricate  better  heavy  machinery,  where 
the  pressure  is  great,  than  a  thin  oil,  whose  particles  would  be 
forced  asunder  under  the  pressure.  Adhesion  is  another  im- 
portant function  of  oils  comprised  in  viscosity.  Adhesion  is  the 
term  used  to  express  the  property  of  adhering  to  other  bodies. 
The  greater  this  is  the  better  lubricant  the  oil  must  be,  because, 
in  virtue  of  it,  it  will  stick  or  adhere  closely  to  the  surface  of 
the  bearings,  and  better  resist  the  pressure  brought  to  bear  on 
them.  A  liquid  may  possess  great  cohesive  but  very  little  ad- 
hesive properties,  as,  for  example,  mercury.  On  the  other  hand, 
water,  spirits,  etc.,  have  great  adhesive  force  and  but  little 
cohesion,  which  makes  them  very  limpid,  easy-flowing  liquids. 

A  good  lubricant  must  possess  both  functions.  It  must 
be  at  once  cohesive  and  adhesive,  and  the  joint  effect  is 
expressed  in  the  term  viscosity,  or  body  of  the  lubricant. 

It  is  now  generally  accepted  among  oil  dealers  and  oil 
consumers  that  the  viscosity  of  an  oil  is  a  good  measure  of 
its  lubricating  value.  Given  two  oils  for  lubricating,  say,  a 
spindle.  The  one  having  the  most  viscosity  will  have  the 
most  lubricating  power,  but,  it  has  been  pointed  out  before, 
it  does  not  follow  that  a  highly  viscid  oil  like  castor  would 
lubricate  a  spindle  better  than  a  limpid  oil  like  sperm.  The 
viscosity  of  an  oil  must  be  adapted  to  the  work  it  has  to  do, 
and  this  point  should  never  be  lost  sight  of  either  by  oil 
consumers  or  oil  dealers. 

A  common  method  of  testing  the  viscosity  of  an  oil  is  to 
fill  a  glass  pipette  with  the  oil,  and  note  how  many  seconds  it 
takes  to  run  out.  It  is  obvious  that  this  method  is  rather 
unsatisfactory,  as  no  account  is  taken  of  the  temperature  of  the 
oil,  which  has  an  important  influence  in  the  viscosity  of  oils. 
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A  better  apparatus,  and  one  very  extensively  employed, 
is  that  known  as  Sacher's,  and  which  is  shown  in  Figure  54. 
This  consists  of  an  inner  glass  tube  of  about  125  cubic  centi- 
metres capacity  and  graduated  into  100  divisions  of  1  cc.  each 

through  part  of  its  length.  The 
lower  part  of  this  tube  ter- 
minates in  a  short  tube  of 
narrow  bore.  This  tube  is 
surrounded  by  a  wider  glass 
tube  which  serves  as  a  water 
jacket,  and  into  this  steam  can 
be  passed  from  a  boiler  so  as  to 
heat  the  water  and  the  oil  up 
to  any  required  degree.  The 
apparatus  is  used  thus :  The 
water  is  heated  in  the  jacket 
to  the  required  temperature  at 
which  the  test  is  to  be  made, 
a  thermometer  being  suspended 
in  it  for  that  purpose.  The  oil 
is  heated  in  a  separate  beaker 
to  a  few  degrees  above  the 
temperature  at  which  the  test 
is  to  be  made.  It  is  then 
poured  into  the  inner  tube, 
filling  it  up  to  the  topmost 
division  of  the  graduation.  The 
oil  is  then  allowed  to  flow 


FIG.  54.  Sacher's  Viscosity 
Apparatus. 


out,  the  time  in  seconds  it  takes  for  the  100  cc.  to  flow  out 
being  taken  as  the  measure  of  the  viscosity  of  the  oil.  The 
best  temperatures  for  testing  viscosity  are  70°  F.,  100°  F., 
120°  F.,  180°  F.,  and  212°  F. 

There  are  several  objections  to  this  apparatus :  1st.  It  is 
difficult  to  keep  the  temperature  uniform  throughout  the 
test,  and  the  oil  is  not  at  an  equal  temperature  throughout 
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the  whole  of  its  volume.  The  top  is  always  hotter  than  the 
bottom  portions.  2nd.  The  oil  does  not  run  out  at  uniform 
speeds  during  the  continuance  of  the  test,  the  first  portions 
running  out  much  quicker  than  the  last ;  hence  it  is  neces- 
sary to  always  use  the  same  volume  of  oil  in  all  tests.  This 
is  not  always  possible,  so  many  observers  are  in  the  habit  of 
noting  the  time  each  25  cc.  takes  to  run  out,  and  thus,  if 
they  have  only  about  25  cc.  of  a  sample  to  work  with,  it  is 
still  possible  to  compare  its  viscosity  with  other  samples. 
3rd.  A  general  standard  of  reference  between  '  different 
observers  cannot  be  obtained  with  this  instrument,  as,  being 
constructed  of  glass,  it  is  impossible  to  make  two  which  are 
identical  in  all  respects,  and  give  the  same  figures,  which  is 
an  essential  quality  in  viscometers.  4th.  Being  constructed 
of  glass,  it  is  fragile  and  very  liable  to  break,  and  a  breakage 
means  a  loss  of  any  results  obtained  with  the  instrument,  as 
new  ones  give  different  figures  not  comparable  with  those 
given  with  the  old  instrument. 

The  principal  objections  are  the  want  of  permanency  and 
the  non-standard  character  of  the  apparatus.  The  first 
objection  can  be  got  over  by  constructing  the  apparatus  of 
metal ;  the  last  is  by  no  means  easy  to  overcome.  Boverton 
Redwood's  Standard  Viscometer  is  constructed  on  a  similar 
principle  to  the  glass  apparatus  of  Sacher's.  There  is  an 
inner  oil  chamber,  constructed  of  copper,  silvered  on  the 
inside.  This  is  surrounded  by  an  outer  vessel  which  holds 
water  that  can  be  heated  very  conveniently.  The  inner 
chamber  has  in  the  centre  of  its  bottom  a  piece  of  agate, 
through  which  a  fine  aperture  has  been  bored.  This  is  so 
constructed  that  it  can  be  closed  by  a  ball  valve.  Being 
constructed  of  metal  the  apparatus  can  always  be  made  of 
the  same  size,  and  the  holes  being  of  agate  can  also  be  always 
bored  of  the  same  size.  In  this  way  two  instruments  can  be 
made  which  will  give  identical  results.  This  is  a  most 
important  point. 
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The  instrument  is  used  as  follows  :  The  inner  oil  chamber 
is  filled  with  oil  up  to  the  gauge  pin,  thermometers  are 
immersed  in  the  oil  and  in  the  water,  the  latter  is  heated  up 
to  the  temperature  at  which  the  test  is  to  be  made.  This 
heats  the  oil  in  its  turn.  When  the  oil  has  attained  the 
required  temperature,  the  valve  is  lifted  and  the  oil  allowed  to 
run  out ;  the  time  taken  to  run  out  50  cc.  of  oil  being  taken 
as  the  measure  of  the  viscosity  of  the  oil.  The  following 
are  some  figures  given  by  Boverton  Eedwood  (Journal  Soc. 
Chem.  Ind.,  1886,  p.  128)  as  obtained  with  this  instrument : — 

VISCOSITY.— SECONDS  FOE  50  cc. 


Tem- 
pera- 
ture. 
Fahr. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

50 

712* 

620 

115 

425 

1030 

2040 

2520 

60 

25J 

540 

177 

470 

105 

295^ 

680 

1235 

1980 

;; 

70 

405 

136* 

366 

90 

225 

485 

820 

1320 

80 

326 

113 

280 

73 

171 

375 

580 

900 

90 

260 

96 

219J 

63* 

136 

262 

426 

640 

... 

.100 

213*/ 

80J 

174} 

54 

111 

200 

315 

440 

1015 

110 

... 

169 

70| 

147f 

... 

50 

89£ 

153 

226 

335 

739J 

120 

147 

60* 

126 

47 

78 

126 

174 

245 

531 

130 

123J 

57 

112 

44} 

63£ 

101 

135£ 

185 

398^ 

140 

105£ 

50} 

88| 

41 

58 

82 

116 

145 

317* 

150 

95| 

49 

75*, 

37£ 

52 

70£ 

95 

115 

250 

160 

85 

47* 

70 

46 

63 

83* 

93* 

200 

170 

76 

46 

62 

58 

70*, 

77£ 

161 

180 

69 

44i 

56* 

52* 

61* 

67* 

134£ 

190 

64£ 

43 

53 

47 

56 

61 

115* 

200 

58£ 

42 

50| 

54} 

42 

48*, 

54 

99J 

210 

54 

40} 

48| 

... 

40 

... 

85 

220 

50 

39 

47 

38 

77 

230 

471 

36^ 

45* 

70* 

240 

1  4 

45J 

85} 

•*^6 

44f 

... 

... 

•  w^ 
64^ 

250 

A  Ol 

34} 

4-~4^^ 

tQI 

260 

33} 

43A 

40 

54 

270 

Q 

43 

48* 

280 

*J  | 

3U 

41A 

^^2 

46* 

290 

3  ^  * 

2 

30} 

**J 

41 

^^2 

300 

8  £>  > 

30 

38 

422 

310 

|!S  S 

35 

7 

320 

•rt  ^ 

33* 

a 

u«jy 

1.  Water. 

2.  Refined  rape  oil. 

3.  Sperm  oil. 

4.  Neatsfoot  oil. 

5.  Beef  tallow. 


6.  American  mineral  oil,  sp.  gr.  '885. 

7.  „  „       -913. 

8.  „  „       -923. 

9.  „  „       -909. 
10.  -915. 


11.  Russian  mineral  oil,  sp.  gr.  -884  (semi-solid  at  common  temperatures). 
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Redwood  recommends  that  the  observed  viscosity  (rate 
of  flow)  be  corrected  for  the  effect  of  specific  gravity  on 
the  flowing  of  the  oil  by  multiplying  the  observed  viscosity 
by  the  specific  gravity  of  the  oil,  and  dividing  it  by  the 
specific  gravity  of  the  oil  which  has  been  selected  as  the 
standard. 

The  author  considers  this  an  unnecessary  proceeding,  and 
prefers  to  take  the  figures  which  are  given  by  the  visco- 
meter  as  being  correct,  and  to  give  the  true  viscosity  of 
an  oil. 

One  main  objection  to  Boverton  Redwood's  instrument 
is  the  smallness  of  the  aperture,  which  causes  the  time 
taken  for  the  oils  to  flow  out  to  be  too  long,  thereby  increasing 
the  difficulty  of  keeping  the  temperature  uniform  throughout 
the  duration  of  the  test.  There  is  another  objection.  It  has 
been  pointed  out  that  the  viscosity  of  an  oil  is  due  to  a 
conjunction  of  two  functions  of  the  oil,  cohesion  and 
adhesion.  Now  when  any  oil  flows  out,  as  it  does  in 
Redwood's  instrument,  from  a  simple  aperture  in  a  metallic 
plate  only,  the  function  of  cohesion  is  tested,  while  that  of 
adhesion,  which  is  most  important,  is  not  tested  at  all. 
In  viscometers  constructed  on  the  flowing  principle,  the 
adhesion  function  of  an  oil  can  only  be  tested  by  causing 
it  to  flow  through  a  narrow  tube. 

The  author  has  devised  a  viscometer  shown  in  Figure  55. 
This  instrument  has  been  devised  to  be  a  standard  one,  and 
not  too  costly.  As  will  be  seen  from  the  drawing,  it  consists 
essentially  of  an  inner  oil  chamber  constructed  of  copper. 
This  terminates  in  a  short  brass  tube  of  narrow  bore,  the 
aperture  of  which  is  closed  by  a  valve.  Surrounding  the 
inner  oil  chamber  is  a  water-jacket,  the  water  in  which  can 
be  heated  by  a  separate  boiler  working  on  the  hot-water 
circulating  system ;  a  thermometer  can  be  immersed  in  the 
water  in  the  jacket  and  one  in  the  oil.  The  inner  oil 
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chamber  is  filled  up  to  a  gauge  pin  with  the  oil,  the  water  is 
then  heated  to  a  few  degrees — 4  or  5 — above  the  temperature 
at  which  the  oils  are  to  be  tested,  and  it  is  maintained  at 
this  temperature  during  the  test.  This  is  easily  accom- 
plished. When  the  oil  has  attained  the  required  temperature, 


FIG.  55.  Hurst's  Viscometer. 

the  valve  is  opened  and  the  oil  allowed  to  flow  out  into  a 
measuring  glass  or  flask,  the  time  in  seconds  taken  for 
50  cc.  to  flow  out  being  taken  as  the  viscosity  of  the  oil. 
The  instrument  is  very  easy  to  manipulate,  and  gives  very 
concordant  results. 
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'TABLE  OF  VISCOSITIES  OF  OILS,  HURST'S  VISCOMETEB,  SECONDS 
IN  TIME  FOR  FLOW  OF  50  cc. 


Oil. 

Temperatures  in  degrees  Fahrenheit. 

70 

100 

120 

150 

212 

250 

10 
13 
13 
14 

12 
13 
16 

18 

14 
17 

19 

20 
14 
14 

88 
28 
89 
38 
33 

22 
15 
13 

22 
20 
18 
20 
18 
22 
15 
73 

13 

Scotch  Mineral  Oils  — 
865 

27 
28 
35 
62 

46 
54 
129 
256 

78 
83 
140 

799 
197 
solid 

semi-solid 
solid 
semi-solid 
1870 
1236 

78 
96 

694 
424 
103 

solid 

135 
120 
solid 
solid 
63 
1220 

449 

18 
19 
22 
31 

30 
41 
47 
93 

42 
52 
61 

146 
73 
110 

645 
394 
1162 
745 
630 

35 

38 

184 
103 
50 

solid  ! 
65 
55 
60 
40 
55 
31 
270 

115 

16 
17 
18 
24 

22 
32 

28 
50 

28 
36 
40 

97 
40 
43 

330 
147 
583 
253 
231 

24 
26 

85 
50 
29 

53 

46 
45 
45 
27 
34 
26 
170 

74 

14 
16 
15 

17 

16 

20 
22 
27 

20 
22 
25 

64 
25 
26 

180 
67 
302 
89 

84 

17 
19 

41 
29 
18 

35 

32 
28 
30 
22 
28 
20 
129 

48 

12 
14 
14 
15 

14 
15 
19 
22 

16 
19 
22 

25 
17 

18 

95 
32 
105 
43 
39 

12 
13 

26 

18 
14 

25 
23 
20 
24 
20 
25 
17 
86 

19 

875          ...               . 

885     
890     

American  Mineral  Oils  — 

(a)  Pale  Oils— 
885     

900     . 

903  to  907    
Engine  

(b)  Neutral  Oils- 
Spindle  

Loom     
Engine  

(c)  Machinery  Oils  — 
Summer  Dark 

Red  Oil  

Rope  Oil     

(d)  Cylinder  Oils- 
Dark  Cylinder     

Extra  Filtered 

Extra  Valve    

Dark  Red  

Cold  Test    

(e)  White  Oils- 
No.  1      

No.  2      
Russian  Mineral  Oils  — 
No.  0  Engine  .     .     . 

No.  1  Loom    

No.  2  Spindle  Oils  

Fatty  Oils— 
Tallow   

Tallow  Oil  

Rape  Oil     

Olive  Oil     

Coconut  Oil     

Palm  Oil    

Sperm  Oil  

Castor  Oil  .     .     .     . 

Rosin  Oil  
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Viscometers  constructed  on  the  principles  of  the  one  just 
described  take  no  account  of  the  varying  specific  gravities  of 
the  different  oils,  and  this  must  have  some  influence  on  the 
length  of  time  that  the  oil  will  flow  out,  as  heavy  oil  will, 
owing  to  its  greater  specific  gravity,  have  a  tendency  to  flow 
out  quicker  than  a  light  oil  whose  specific  gravity  is  less,. 


FIG.  56.  Viscometer. 

because  the  pressure  owing  to  gravity  is  greater  in  one  case 
than  the  other. 

In  the  writer's  viscometer  this  is  eliminated  as  much  as- 
possible  by  the  oil  container  being  made  short  and  wide,  but 
it  can  never  be  entirely  got  rid  of  in  this  class  of  instruments. 
It  is  eliminated  in  another  form  of  viscometer. 
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Mr.  John  Peters,  of  Accrington,  has  devised  a  viscometer 
on  another  principle.  In  this  the  effect  produced  by  gravity 
is  got  rid  of.  The  apparatus  is  shown  in  Figure  56.  It 
consists  of  an  oil  chamber,  the  bottom  of  which  is  made  of  a 
heavy  disc  of  brass,  the  face  of  which  is  turned  true  in  a 
lathe ;  a  similar  disc  of  brass  is  carried  on  a  spindle  and 
supported  on  the  bottom  piece  on  a  pivot ;  the  two  brasses  do 
not  touch  one  another,  but  are  carefully  set  a  small  distance 
apart.  On  the  top  of  the  upper  brass  is  fixed  a  pair  of  fans 
forming  a  kind  of  paddle.  The  disc  paddle  is  made  to 
revolve  by  the  falling  of  a  weight  attached  to  a  string 
acting  on  a  pulley  or  drum  on  the  top  of  the  spindle, 
and  the  relative  viscosities  of  different  oils  materially 
affect  the  speed  at  which  the  paddle  revolves,  and  there- 
fore the  time  taken  to  fall  a  given  distance  is  a  measure 
of  the  viscosity  of  the  oils.  The  time  can  be  regulated 
to  some  extent,  but  it  is  usual  to  have  a  weight  that 
will  when  rape  oil  is  being  tested  run  down  about  3  feet 
in  100  seconds.  This  apparatus  gives  good  results,  and 
one  instrument  can  be  compared  with  another,  so  that  it 
is  quite  standard. 

Cottrell's  viscometer  resembles  Peters',  but  it  has  not 
the  faced  brasses.  Napier's  instrument  has  a  number  of 
concentric  rings,  which  revolve  one  in  the  other.  Both 
these  instruments  are  actuated  by  .the  falling  of  weights. 

The  main  fault  of  these  frictional  viscometers,  if  they 
might  be  so  called,  seems  to  arise  from  the  fact  that  their 
scope  of  action  is  not  wide  enough.  If  the  weight  is  adapted  to 
just  pull  the  paddles  round  in  a  thick  viscid  oil  like  castor 
it  is  too  heavy  for  light  hydrocarbon  oils,  say  a  "865  Scotch 
oil,  and  runs  down  too  quickly  in  such  oils,  so  that  it  is  diffi- 
cult to  distinguish  small  differences  in  the  viscosity  of  two 
samples  of  lubricating  oil  which  closely  resemble  one  another. 
This  difficulty  is  experienced  in  a  greater  degree  when 
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working  at  high  temperature,  when  the  viscosities  of  oils  are 
very  nearly  alike.  This  difficulty  may  be  overcome  to  some 
extent  by  using  a  set  of  weights,  light  for  light  oils  and  high 
temperatures,  medium  for  medium  oils,  and  a  heavy  weight 
for  viscid  oils,  only  there  is  a  risk  of  not  getting  properly 
comparative  results. 

It  is  customary  to  take  rape  oil  as  a  standard  »  100, 
at  70°  F.,  in  stating  the  viscosity  of  an  oil.  On  the 
paddle  form  of  instrument  the  weight  can  be  so  ad- 
justed that  it  will  fall  the  given  distance  in  100  seconds 
and  then  the  instrument  will  give  the  relative  viscosity 
of  other  oils  (compared  with  rape  oil  =  100)  without 
further  calculation. 

Kape  oil  is  taken  as  a  standard  because  it  is  an  oil  with  a 
good  viscosity,  and  can  be  obtained  without  much  trouble 
fairly  pure  and  of  a  uniform  quality. 

With  the  flowing  forms  of  viscometer  a  simple  proportion 
sum  will  give  the  relative  viscosities.  Thus  let  A  =  the 
viscosity  of  rape  oil,  B  the  viscosity  of  the  oil  tested,  then 

A  x  100 
— ^ —  =  X,    the    relative   viscosity   of    the   oil.      It    has 

been  proposed  to  eliminate  the  supposed  effect  of  gravity 
on  the  rate  of  flow  of  the  oil  by  multiplying  the  viscosity 
of  the  oil  by  its  gravity,  and  dividing  the  result  by  the 
viscosity  of  rape  oil,  multiplied  by  its  specific  gravity. 
Such  is  called  by  some  writers  "  specific  viscosity".  There 
is  no  advantage  to  be  gained  by  the  use  of  this  new  term, 
and  as  it  is  not  very  clear  to  most  persons  what  it  means, 
it  is  best  to  stick  to  the  well  understood  method  of  stating 
viscosities. 

The  following  table  gives  the  relative  viscosities  of 
various  oils  at  different  temperatures  : — 
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VISCOSITIES  OF  OILS. 
STANDABD  RAPE  OIL  AT  70°  F.  =  100. 


70°  F. 

120°  F. 

180°  F. 

212°  F. 

Scotch  Mineral  Oils  — 
865  sp.  gr  

885 

20 
45 

15 
16 

12 
13 

11 

12 

890       „         
American  Mineral  Oils  — 
885  sp  gr           .... 

63 
36 

20 
16 

14 
11 

13-5 
10-5 

910 

85 

25 

12 

12 

915                      .... 

90 

26 

15 

12-5 

920       „         
Cylinder  Oil    
Summer  Dark  Machinery     . 
Medium            ,, 
Russian  Mineral  Oils  — 
896  sp.  gr  
908 

127 
1860 
1300 
245 

66 
122 

30 
230 
90 
50 

26 
47 

20 
55 
33 
20 

16 
20 

17 

43 
21 
17 

12 

14 

914       „         
910       „         Dark  .     .     . 
Rosin  Oil              

316 
236 
221 

94 

78 
22 

24 
22 
12 

17 
16 

12 

This  table  shows  the  influence  of  temperature  on  these 
oils.  It  will  be  noticed  that  they  all  become  much  more  fluid 
as  the  temperature  rises,  and  with  a  few  exceptions  that  there 
is  not  as  much  difference  between  them  at  the  boiling  point 
(10' 5  to  17)  as  there  is  in  the  viscosities  at  70°  F.  (20  to 
1860).  This  is  a  curious  feature.  It  will  be  noticed  that  the 
fluidity  increases  very  rapidly  between  120°  F.  and  180°  F.,. 
and  that  there  is  very  little  difference  between  the  viscosity 
of  an  oil  at  180°  to  212°  F.  The  Kussian  oils  it  will  be 
seen  are,  compared  with  their  gravities,  more  viscid  oils  than 
the  American  oils,  but  they  lose  this  much  more  rapidly 
by  heat.  The  author  is  of  opinion,  as  the  result  of  much 
observation  on  the  behaviour  of  oils  in  regard  to  their 
viscosity  at  different  temperatures,  that  there  is  what  may 
be  called  a  ''critical  point,"  at  which  temperature  the  oil 
begins  to  lose  its  viscosity  more  rapidly,  and  below  which 
point  the  loss  of  viscosity  on  heating  is  very  slow ;  this 
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critical  point  varies  with  different  oils,  but  the  author  has 
not  been  able  to  do  more  than  make  a  few  tentative 
experiments  on  the  subject. 

6.  Flash  test.  This  is  one  of  the  most  important  tests 
to  apply  to  mixed  mineral  or  lubricating  oils.  It  is  most 
easily  carried  out  in  the  following  way: — 

Procure  a  white  porcelain  basin  of  about  2  ozs.  capacity, 
or  Better  a  copper  vessel,  and  support  it  by  suitable  means 
over  a  bunsen  burner,  nearly  fill  it  with  the  oil  to  be  tested, 
and  hang  a  thermometer  in  the  oil.  The  bulb  of  the  latter 
should  be  completely  covered  by  the  oil,  while  it  should 
not  be  allowed  to  touch  the  bottom  or  sides  of  the  basin. 
Connect  with  another  gas  supply  an  ordinary  mouth  blow- 
pipe, and  adjust  the  supply  of  gas  to  this  so  that  the  flame  at 
the  jet  is  only  about  the  size  of  a  small  pea.  Then  heat  the 
oil,  carefully  adjusting  the  size  of  the  Bunsen  flame  so  that 
the  heating  of  the  oil  is  not  carried  on  too  rapidly ;  a  rise 
of  10°  F.  per  minute  is  the  generally  recognised  amount  of 
heating,  and  it  is  not  advisable  to  exceed  this  amount.  A 
slow  rate  gives  much  more  accurate  results  than  a  quick 
rate  of  heating. 

During  the  progress  of  this  test  three  points  can  be 
observed :  1st,  the  vaporising  point ;  2nd,  the  flash  point ; 
3rd,  the  burning  point  or  fire  test. 

The  vaporising  point.  This  is  the  first  point  to  be 
observed.  It  is  the  temperature  at  which  a  perceptible 
vapour  begins  to  be  perceived.  This  is  also  known  as 
the  "smoke  point".  As  a  rule  it  is  not  considered  of 
much  importance,  and  what  particular  value  it  has  is 
somewhat  uncertain.  Of  course  oils  with  a  low  vaporising 
temperature,  say  of  less  than  150°  to  160°  F.,  would  be 
unpleasant  to  work  with  on  machinery  where  that  tem- 
perature is  likely  to  be  exceeded. 

The  method  of  carrying  out  and  the  rapidity  of  heating 
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have  a  considerable  influence  on  the  temperature  at  which 
an  oil  will  begin  to  give  off  vapour.  If  the  basin  is  heated 
rapidly  over  a  naked  flame  the  temperature  of  vaporising 
will  be  much  less  than  when  the  basin  is  heated  on  a 
.sand  bath.  A  difference  of  20°  or  even  30°  F.  may  often  be 
obtained  by  these  two  different  methods  of  heating  the  oil. 
Those  dealers  and  consumers  who  attach  particular  im- 
portance to  the  smoke  point  always  immerse  the  basin  of 
oil  in  a  deep  sand  bath,  taking  care  that  it  is  well  surrounded 
with  sand.  It  is  only  by  this  means  that  different  observers 
•can  obtain  concordant  results  on  the  smoke  point. 

The  flash  point.  If,  while  the  oil  is  being  heated,  the 
small  gas  jet  is  applied  at  short  intervals,  say  every  two  or 
three  degrees  of  rise  in  the  temperature,  taking  care  not  to 
let  the  flame  touch  the  surface  of  the  oil,  soon  a  blue  flame 
will  be  observed  to  shoot  across  the  surface  of  the  oil.  The 
temperature  at  which  this  flame  is  first  seen  is  the  flash 
point. 

Whether  a  sand  bath  or  a  naked  flame  is  used  for  heating 
the  oil  makes  but  little  difference  in  the  flash  point,  rarely 
more  than  what  different  observers  would  note  with  the  same 
oil.  The  higher  the  flash  point  the  safer  is  the  oil  to  use, 
because  then  there  is  no  chance  of  it  giving  off  any  inflam- 
mable vapour  at  any  temperature  to  which  it  may  be  sub- 
jected in  actual  use.  This  point  of  inflammability  is  of  parti- 
cular importance  to  cotton  mills,  where  there  is  such  a  large 
quantity  of  fluff  always  about  the  machinery.  If  an  oil  with 
a  low  flash  point  were  used  and  the  temperature  should  by 
accident  get  above  the  flash  point,  and  a  light  come  in 
contact,  it  is  quite  possible  that  the  oil  would  catch  fire,  and 
this  would  be  sure  to  spread  through  the  fluff  and  hence 
probably  through  the  mill,  so  that  it  is  of  particular  import- 
ance in  a  cotton  mill  to  use  an  oil  with  a  sufficiently  high 
flash  point.  350°  F.  is  quite  a  safe  point,  and  there  is  no 
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necessity  to  much  exceed  this  point.  Some  dealers  pride 
themselves  on  the  high  points  of  their  oils,  but  a  high  flash 
point  is  not  all  that  is  wanted  in  an  oil.  There  is  the  proper 
viscosity  to  be  considered,  and,  generally  speaking,  high  flash 
points  and  high  viscosities  go  together,  and  thus  where  you 
want,  as  spindle  oils,  a  moderate  viscosity  only,  you  cannot 
have  very  high  flash  points,  and  if  the  latter  feature  is  only 
considered,  then  an  oil  may  be  used  which,  owing  to  its  high 
viscosity,  is  not  the  most  suitable  for  the  purposes.  For  use  in 
cotton  and  other  textile  mills,  where  the  peculiar  conditions 
and  material  introduce  a  special  element  of  danger,  the  oils 
should  not  flash  at  a  lower  temperature  than  350°  F.,  while 
for  all  other  mills  and  works  330°  F.  may  be  accepted  as  a 
safe  point.  For  cylinder  oils  500°  F.  is  the  lowest  flashing 
point  usually  accepted  as  safe,  but  in  the  case  of  oils  for 
lubricating  cylinders  there  cannot  be  any  question  of  safety 
because  they  are  used  under  such  circumstances  as  to  pre- 
clude any  idea  of  their  taking  fire.  The  true  test  of  the 
value  of  a  cylinder  oil  is  its  having  a  good  viscosity  which  it 
does  not  lose  to  any  great  extent  on  being  heated. 

There  is,  however,  a  connection  between  a  high  flash 
point  and  a  high  viscosity  in  cylinder  oils.  The  process  of 
manufacture  consists  in  eliminating  all  light  portions,  the 
presence  of  which  would  reduce  the  flash  point  and  the 
viscosity  considerably.  The  flash  point  is  much  easier  to 
ascertain  than  the  viscosity,  hence  the  reason  attention  is 
given  to  it,  not  from  any  considerations  of  safety. 

The  burning  point.  This  is  known  in  America  as  the 
"fire  test".  If,  after  the  flash  point  has  been  determined, 
the  heating  of  the  oil  be  continued,  it  will  be  observed  that 
the  flashing  becomes  more  frequent  and  the  flame  gets  more 
luminous.  Presently  the  flame,  instead  of  going  out,  will 
continue  to  burn.  The  temperature  at  which  this  occurs  is 
"the  burning  point"  or  "fire  test".  This  point  is  not 
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regarded  as  of  very  much  use  in  this  country,  nor,  indeed,  is 
it ;  but  in  America  it  is  considered  of  quite  as  much  import- 
ance as  the  flashing  point. 

The  following  table  gives  the  three  points  of  the  chief 
varieties  of  hydrocarbon  oils : — 


DEGREES  FAHRENHEIT. 

Vaporising 
Tempera- 

Flash 
Point. 

Burning 
Point. 

ture. 

Scotch  Shale  Oil,  865  .     .     .     .     .     . 

178 

318 

382 

875 

184 

330 

406 

885  . 

203 

353 

420 

890  

230 

376 

448 

American  Petroleum  Oil,  Pale,  885 

„    903-907 

210 

392 

458 

„    915 

220 

422 

488 

»    920 

234 

428 

484 

,,          Cylinder 

266 

462 

>?                  »> 

270 

528 

Eussian  Petroleum  Oil,  Pale,  896 

190 

348 

410 

„     908 

210 

384 

470 

„              „     914 

230 

390 

496 

„     910  (Ke- 

siduum) 

180 

320 

410 

Rosin  Oil  985                                        '  ' 

190 

320 

385 

The  method  of  ascertaining  the  flashing  point  described 
above  is  known  as  "  the  open  flash  test ".  There  is  another 
mode  of  carrying  out  this  test  known  as  the  "  closed  flash 
test  ".  The  oil  is  heated  in  a  metal  vessel  fitted  with  a  cover 
in  which  are  two  apertures — one  for  the  thermometer ;  the 
other  aperture  is  fitted  with  a  sliding  cover.  The  oil  is 
heated  in  the  usual  way.  When  heated  to  within  a  few 
degrees  of  its  flash  point,  the  sliding  cover  is  drawn  on  one 
side,  and  the  test  flame  inserted.  If  no  effect  is  produced, 
the  flame  is  withdrawn,  the  sliding  cover  replaced,  and  the 
heating  continued.  These  operations  are  repeated  at  inter- 
vals of  every  two  or  three  degrees  until,  on  the  introduction 

of  the  test  flame,  a  flash  or  slight  explosion  is  observed.     The 

16 
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temperature  indicated  by  the  thermometer  is  noted  as  the 
flash  point. 

The  flash  point  by  the  closed  test  is  always  lower,  from 
12  to  20  degrees,  than  by  the  open  test. 

The  author  does  not  regard  the  closed  flash  test  as  thus 
carried  out  with  much  favour.  He  finds  that  different 


FIG.  57.  Gray's  Flash  Point  Apparatus. 

observers  get  very  different  results,  which  are  due  to  differ- 
ences in  the  construction  of  the  test  apparatus,  the  quantity 
of  air  in  proportion  to  the  oil  used  in  the  apparatus,  and  one 
or  two  minor  differences  which  affect  the  flash  point  as  deter- 
mined by  the  closed  test.  With  the  open  test  these  differ- 
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ences  are  not  produced.  It  makes  but  little  difference 
with  what  apparatus  the  test  is  carried  out,  whether  with 
large  or  small  quantities  of  oil,  providing  the  rate  of  heat  is 
not  too  rapid. 

The  best  instrument  for  the  determining  of  the  flashing 
point  of  lubricating  oils  by  a  close  test  is  Gray's,  shown  in 
Figure  57.  This  instrument  consists  of  a  brass  cup  of  the 
same  size  as  that  used  in  the  Government  standard  petro- 
leum tester,  viz.,  2  in.  in  diameter  by  2^-  in.  in  depth.  A 
line  cut  round  the  inside  of  the  cup,  1J  in.  from  the  bottom, 
indicates  the  height  to  which  it  is  to  be  filled  in  testing 
oil.  The  cup  is  closed  by  a  tightly  fitting  cover,  through 
the  centre  of  which  a  small  shaft  or  spindle  passes  to 
the  bottom  of  the  cup,  carrying  two  sets  of  stirrers,  one 
of  which  is  below  the  surface  of  the  oil,  the  other  in  the 
vapour  space  above.  On  the  top  of  the  spindle,  above  the 
lid,  a  small  bevelled  wheel  with  a  milled  edge  is  fixed, 
which  gears  with  a  vertical  bevelled  wheel  on  the  inner 
edge  of  a  horizontal  shaft  carried  on  two  standards  fixed  on 
the  lid,  and  terminating  at  the  outer  end  in  a  disc  of  non- 
conducting material  in  which  is  fixed  a  handle  for  rotating 
the  shaft.  There  are  four  openings  in  the  lid.  Through 
one  a  thermometer  is  inserted  to  indicate  the  temperature 
of  the  oil.  The  remaining  three  provide  means  of  produc- 
ing the  flash.  One  of  these  is  immediately  in  front  of  the 
small  tilting  lamp  which  ignites  the  gases.  The  other  two, 
one  on  each  side,  admit  air  to  produce  the  explosive  mix- 
ture. These  parts  are  normally  closed  by  the  loose,  three- 
quarter  disc,  flat  cover,  provided  with  openings  which,  when 
the  cover  is  turned  one  quarter  round,  coincide  with  the 
ports  in  the  fixed  lid. 

In  using  this  instrument,  the  cup  is  filled  to  the  mark 
with  the  oil  to  be  tested.  The  test  lamp  is  lighted;  the 
flame  being  adjusted  to  about  ^  inch  in  size.  Heat  is 
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applied  below  the  oil  cup  by  a  gas  or  spirit  flame,  either 
direct  or  through  the  medium  of  a  sand  bath,  and  the 
temperature  of  the  oil  raised  at  the  rate  of  10°  to  15°  F.  per 
minute  ;  the  stirrers  being  turned  at  short  intervals  during  the 
process  of  heating.  When  nearing  the  point  at  which  the  oil 
is  expected  to  flash,  it  is  advisable  to  reduce  the  rate  of  heating 
in  order  that  observations  may  be  more  accurately  made. 

The  test  for  flashing  point  is  made  by  drawing  the 
horizontal  shaft,  which  has  about  J  inch  end  play,  outwards, 
which  puts  it  out  of  gear  with  the  stirrers  and  in  gear  with 
the  sliding  cover,  which,  being  partly  turned,  opens  the  ports 
and  tilts  the  flame  of  the  test  lamp  into  the  centre  one.  If 
gas  is  present  in  sufficient  quantity,  a  slight  flash  with  an 
explosion  is  produced  ;  if  not,  the  ports  are  automatically 
closed,  the  heating  is  continued,  the  stirrers  being  used,  and 
the  test  for  "  flash "  repeated  at  intervals  till  the  flash  is 
observed,  the  temperature  at  which  this  occurs  being  taken 
as  the  flashing  point  of  the  oil. 

7.  Evaporation  test.  This  is  carried  out  by  weighing  into 
a  watch  glass  a  small  quantity  of  the  oil,  exposing  it  in  an 
oven  to  a  temperature  of  212°  F.  for  twenty-four  hours,  then 
reweighing  it.  A  good  sample  of  oil  should  not  lose  more 
than  from  0*25  to  0*5  per  cent.,  and  if  a  sample  should  lose 
more  than  1  per  cent,  it  ought  to  be  regarded  with  suspicion. 

Cylinder  oils  may  be  tested  by  heating  to  350°  F.  for 
some  hours  and  weighing  at  intervals  and  noting  the  rate 
of  evaporation.  Thus  some  cylinder  oils  heated  to  this 
temperature  lost — 

In  60  hours.  In  130  hours. 
Sample.  Per  cent.      Per  cent. 

A.  Dark  brown       •  • 3-4  4-0 

B.  Pale  red        .        .        .        .        .        .2-3  2-6 

C.  Green  .        .        ...       .         .         .         .         10-2  12-2 

D.  Bed 6-1  8-2 

A  good  oil  will  not  Jose  more  than  5  per  cent,  under  these 
conditions. 
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Archbutt  has  devised  a  method  of  ascertaining  the  rate 
of  evaporation  of  cylinder  oils,  which  is  said  to  give  reliable 
and  very  accurate  results.  This  is  carried  out  in  a  piece  of 
apparatus  specially  designed  for  it.  Through  a  hot  air  oven 
he  carries  a  piece  of  iron  tubing  -J  of  an  inch  in  diameter ; 
this  has  fitted  in  it  a  glass  tube  which  is  just  big  enough  to 
fit  it  tightly.  In  the  middle  of  this  glass  tube  is  placed  a 
platinum  or  porcelain  boat,  containing  a  weighed  quantity 
(0'5  to  1  gramme)  of  the  oil  to  be  tested.  In  the  upper  part 
of  the  oven  is  a  coil  of  pipes,  through  which  a  current  of  air 
at  the  rate  of  two  litres  a  minute  can  be  passed.  This  coil 
is  connected  with  the  glass  tube  containing  the  boat  of  oil, 
so  that  the  air  is  heated  to  the  temperature  of  the  oven 
before  it  goes  over  the  oil.  After  an  hour's  exposure  to  the 
current  of  hot  air,  the  boat  of  oil  is  taken  out,  reweighed, 
and  the  loss  of  weight  noted. 

Of  the  two  varieties  of  cylinder  oils  the  filtered  oils  lose 
least,  the  amount  of  loss  averaging  less  than  0'5  per  cent., 
although  samples  losing  about  0'75  per  cent,  are  met  with. 
The  dark  natural  oils  lose  most,  the  loss  in  some  cases 
being  as  much  as  5  per  cent.,  while  occasionally  samples  of 
such  oils  may  be  met  with  which  actually  gain  weight. 

Particulars  of  this  test  are  often  left  out  of  chemical 
reports  on  lubricating  oils,  but  they  might  be  inserted  with 
advantage. 

The  last  three  tests  are  only  applicable  to  mineral  or 
mixed  lubricating  oils,  as  the  particular  properties  examined 
by  these  tests  are  invariable  as  regards  each  particular  fatty 
oil,  while  they  vary  in  every  different  make  of  mineral  or 
hydrocarbon  oil. 

As  a  rule,  the  application  of  the  tests  described  above 
will  usually  be  found  to  be  sufficient  for  an  oil  dealer  or 
consumer  to  obtain  a  good  idea  of  the  quality  of  the  sample 
to  be  tested.  There  are,  however,  a  few  other  useful  tests 
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that  may  from  time  to  time  be   found  of  service   in  the 
examination  of  oils  for  adulteration  or  otherwise. 

8.   Valentas  acetic  acid  test.     If  equal  volumes  of  glacial 
acetic  acid  and  a  fat  oil  be  mixed  together  and  then  heated, 
the  two  liquids  will  amalgamate  together  and  a  clear  solu- 
tion   will    be    obtained.      On    allowing   to    stand,    a    cloud 
will   in  a  short  time   make  its   appearance   in  the   liquid. 
Valenta  discovered  that  this  cloud  makes  its  appearance  at 
different  temperatures  in  different  oils,  the  "  turbidity  tem- 
perature," as  it  is  called,  being  the  point  to  be  ascertained. 
Valenta's  work  has  been  more  or  less  confirmed  by  subse- 
quent observers,  but  still  there  are  differences  in  the  recorded 
observations  which   serve   to   show  that  there  are  several 
modifying  circumstances  in  the  application  and  carrying  out 
of  the  test  which  must  be  taken  into  account.     The  strength 
of  the  acid  is  important.     The  temperature  at  which  the  tur- 
bidity is  obtained  is  distinctly  higher  with  a  weak  than  with 
a  strong  acid  ;  a  dry  test  tube  or  glass  is  necessary  to  obtain 
satisfactory  results.     Einsing  with  water  must  be  avoided, 
as  the  small  quantity  of  water  left  in  the  glass  will  affect  the 
subsequent  tests.     Slight  differences  are  also  observable  by 
variations  in  the  manner  in  which  the  test  is  made. 

The  author  has  obtained  the  following  results  with  this 
test,  using  5  cc.  of  the  acid  and  oil,  very  convenient  quantities, 
in  a  wide  test  tube,  the  thermometer  being  immersed  in  the 
oil  during  the  whole  of  the  operation  : — 


Oil. 

Turbidity 
Temperature 
Centigrade. 

Oil. 

Turbidity 
Temperature 
Centigrade. 

Colza.     .... 

99 

Rape 

90 

Castor     .... 
Neatsfoot     .     .     . 

Soluble  at 
Ordinary 
Temperature 

85 

Ground  Nut     .     . 
Lard  

72 
76 

Cottonseed 

63 

Olive  .     . 

76 

Sperm     .... 
Oleic  Acid    .     .     . 

85 
Soluble  at 

Whale     .... 
Ox 

71 
48 

Ordinary 
Temperature 
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For  further  details,  see  a  paper  in  the  Journal  of  the 
Society  of  Chemical  Industry  for  January,  1887. 

9.  Hubl's  iodine  test.  If  an  oil  is  mixed  with  a  small 
quantity  of  an  alcoholic  solution  of  iodine,  the  latter  gradually 
becomes  decolorised.  This  has  been  found  to  be  due  to  the 
fatty  acid  of  the  oil  combining  with  the  iodine  and  forming 
compounds  with  it.  The  fatty  acids  present  in  oils  belong  to 
three  distinct  series :  One,  the  stearic  series  (better  known 
to  chemists  as  the  acetic  series)  ;  this  series  does  not  combine 
with  iodine,  so  that  the  larger  the  proportion  of  the  glycerides 
of  these  acids  there  is  in  an  oil,  the  smaller  the  quantity  of 
iodine  with  which  they  will  combine.  The  second  series  of 
fatty  acids  is  the  oleic  series ;  each  of  these  is  capable  of 
combining  with  iodine  in  the  proportion  of  two  atoms  of 
iodine  to  one  molecule  of  fatty  acid.  The  third  series  is  some- 
times called  the  tetrolic  or  linolic  series ;  these  absorb  four 
atoms  of  iodine  for  each  molecule  of  fatty  acid,  and  as  the 
acids  of  these  series  are  characteristic  of  drying  oils,  it  follows 
that  linseed  and  other  drying  oils  absorb  more  iodine  than 
any  other  class  of  fatty  oils. 

Based  on  these  principles  is  founded  Hubl's  iodine  test, 
which  has  for  its  object  the  determination  of  the  amount  of 
iodine  absorbed  by  an  oil.  It  is  carried  out  as  follows : 
Five  solutions  are  prepared.  1st,  a  solution  of  25  grammes 
of  iodine  in  500  cc.  of  alcohol ;  2nd,  a  solution  of  30  grammes 
of  mercuric  chloride  in  500  cc.  of  alcohol ;  3rd,  a  solution  of 
10  grammes  of  iodide  of  potassium  in  100  cc.  of  water ;  4th, 
a  solution  of  24*8  grammes  sodium  thiosulphate  (hyposul- 
phite) in  1,000  cc.  of  water  (each  cc.  of  this  is  equivalent 
to  0*0127  gramme  of  iodine) ;  5th,  a  solution  of  2  grammes 
of  starch  in  100  cc.  of  water. 

Two  grammes  of  the  oil  are  weighed  out  and  dissolved  in 
100  cc.  of  chloroform,  and  from  10  to  20  cc.  of  this  solution 
are  taken,  for  drying  oils  10  cc.  are  sufficient,  for  other 
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oils  20  cc.  Twenty  cc.  of  the  iodine  solution  and  20  cc.  of 
the  mercury  solution  are  added,  and  the  mixture  allowed 
to  stand  for  one  and  a  half  to  two  hours ;  equal  quantities 
of  the  chloroform,  iodine,  and  mercury  solutions  are  also 
mixed  together  to  make  a  blank  test.  At  the  end  of  the 
time,  20  cc.  of  the  iodide  solution  and  20  cc.  of  the  starch 
solution  are  added,  and  the  mixture  titrated  with  the  sodium 
thiosulphate  solution,  until  the  blue  colour  is  discharged. 
The  difference  in  the  quantity  of  the  sodium  thiosulphate 
solution  used  in  the  two  experiments,  the  blank  test  and 
the  one  with  oil,  represents  the  quantity  of  iodine  absorbed 
by  the  oil.  The  quantity  of  iodine  absorbed  by  100  parts  of 
oil  is  called  the  "  iodine  equivalent  ". 

10.  Mills'  bromine  test  depends  on  the  same  principle, 
only  a  solution  of  bromine  is  used  instead  of  the  iodine 
solution,  the  excess  of  bromine  being  measured  colorimetri- 
cally.  The  following  table  gives  the  iodine  and  bromine 
equivalents  of  a  number  of  the  fatty  oils : — 


Oil. 

Iodine 
Equivalent. 

Bromine 
Equivalent. 

Linseed  Oil     

158 

76 

Cotton  Oil 

106 

50 

Thickened  Cotton  Oil  .     .     .     . 
Rape  Oil 

50-2 
100 

31-4 
69-4 

Thickened  Rape  Oil     .... 
Castor  Oil  

45-6 
84-4 

28-5 
58-5 

Olive  Oil 

82-8 

54 

Lard       ....          ... 

59 

37-2 

Tallow 

40 

28 

Coconut  Oil     

8-4 

5-7 

Palm  Oil 

51-5 

34  '1 

Hypogseic  Acid    . 

100 

63 

Oleic  Acid  

89-8 

56-5 

Ricinoleic  . 

85 

53-5 

Linoleic  Acid  

201-5 

126-9 

Hydrocarbon  oils  are  also  capable  of  absorbing  iodine  and 
bromine,  the  quantity  absorbed  being  dependent  upon  the 
proportion  of  olefins  the  oils  contain.  Paraffins  have  no 
affinity  for  iodine  or  bromine  :  hence  American  oils,  contain- 
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ing  as  they  do  more  paraffin  than  Scotch  shale  oils,  absorb 
less  than  the  latter  as  a  general  rule.  The  following  table 
gives  a  few  iodine  and  bromine  equivalents  of  petroleum  and 
shale  products : — 


Name  of  Oils. 

Iodine 
Equivalent. 

Bromine 
Equivalent. 

Scotch  Shale  Oil,  886        ... 
890        ... 
908        ... 
863        ... 
873        ... 
American  Petroleum  Oil,  905  . 
916  ... 
911   . 

23-5 
20-6 
23-2 
29-2 
26-0 
9-7 
7-8 
8-1 

14-7 
12-9 
14-5 
18-3 
16-3 
6-1 
4-9 
5-1 

11.  Hehner's  bromine  test.  Mr.  0.  H.  Hehner  describes 
(Analyst,  1895,  p.  50)  the  following  gravimetric  method 
of  determining  the  bromine  absorption  of  oils :  A  small 
wide-mouthed  flask  is  carefully  weighed  and  from  1  to  3 
grammes  of  the  fat  introduced  into  it.  These  are  dissolved 
in  10  cc.  of  chloroform,  and  then  pure  bromine  is  added,  drop 
by  drop,  until  the  bromine  is  decidedly  in  excess.  Both  the 
chloroform  and  the  bromine  must  be  previously  tested  in  a 
blank  experiment  to  make  sure  that  they  leave  no  appreci- 
able residue  on  heating.  The  flask  and  its  contents  are  then 
heated  on  the  water  bath  till  most  of  the  bromine  is  driven  off, 
.a  little  more  chloroform  is  added  and  the  mixture  again  heated, 
the  chloroform  vapour  helping  to  drive  out  the  excess  of  bro- 
mine. Then  the  flask  and  its  contents  are  placed  in  an  air 
bath  regulated  for  about  125°  C.,  and  kept  there  until  repeated 
weighings  show  their  weight  to  be  constant :  this  takes  several 
hours.  Some  acrolein  and  hydrobromic  acids  escape  during 
the  drying.  The  increase  in  weight  is  the  amount  of  bromine 
absorbed.  This  process  gives  very  satisfactory  results :  the 
writer  has  obtained  the  following  figures  from  different  oils  : — 
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Menhaden  Fish  Oil 43-6  per  cent.. 

Pale  Seal  Oil 87'6       „ 

Pale  Whale  Oil  .         .....          4-6       „ 

Scotch  Cod  Oil 59-9 

Japan  Fish  Oil 123-3 

Arctic  Sperm  Oil 59-9 

Straw  Seal  Oil    .        .        «        .        .        .  137-2 
Olive  Oil     .        ,        »        .        .                .        51-3 
Lard  .         /   ,    .        .        . '       .        .        .        40-6 
Butter         ...        ,  '     .        .        .  ~      21-6 
Castor  Oil  .        .        .        .        ...        .        43-7 

Linseed  Oil  (Raw)      ...        .        .         .  114-2 

(Boiled)  .,_.".        .         .        60-0 

....  112-0 

12.  Elaidin  test.  For  testing  the  purity  of  olive  oil' 
there  is  scarcely  a  better  process  than  the  elaidin  test  or 
Poutet's  test,  which  was  first  devised  in  1819.  The  best 
method  of  carrying  it  out  is  that  described  by  Archbutt 
(Jour.  Soc.  Chem.  Ind.,  p.  306).  The  test  solution  is  made' 
by  dissolving  18  grammes  of  mercury  in  15*6  cc.  of  strong 
nitric  acid  of  T42  specific  gravity.  The  solution  is  best 
effected  in  a  glass  tube  kept  cool  by  immersion  in  water. 
The  test  solution  will  have  a  green  colour,  and  as  long 
as  it  has  this  colour  it  is  in  fit  condition  to  use. 

Archbutt  used  96  grammes  of  oil  to  8  grammes  of  the 
test  solution,  but  50  cc.  of  oil  to  2  cc.  of  solution  is  a  very 
convenient  quantity  to  take.  The  oil  and  solution  are  mixed 
together  and  allowed  to  stand  for  some  hours,  being  stirred 
up  at  intervals  if  required.  The  time  taken  to  solidify  the 
oil  is  noted,  the  consistence  of  the  solid  mass  and  also  its:. 
colour. 

Archbutt  gives  the  following  particulars  of  results', 
obtained  by  this  test : — 
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Oil. 

Time  to  Solidify. 

Colour  of  Mass. 

Consistence. 

Olive     .     .    V    . 

60  minutes     .     . 

Canary  Yellow  . 

Hard  and  impene- 

trable. 

Oleic  Acid      .     . 

50 

Lemon  Yellow  . 

Penetrable. 

Nut  .     .     .     .     . 

60  to  90  minutes 

Lemon       .     .     . 

Soft.. 

Neatsfoot  .     .     . 

180  minutes  .     . 

,, 

Penetrable. 

Rape     .... 

More  than  6  hours 

Deep  Orange 

Apparently  solid, 

miscible     with 

water. 

Bottlenose      .     . 

160  minutes  .     . 

Deep  Lemon 

Soft. 

Southern  Sperm 

Not    solid,     but 

Orange       .     .     . 

Buttery. 

thick  in  6  hours 

Ground  Nut  .     . 

... 

,, 

Soft. 

Cotton  . 

?> 

Turbid  fluid. 

Niger    . 

5> 

Thin  fluid. 

Cod  Liver       .     . 

Blood  Red 

Fluid. 

Castor  . 

Lemon 

Like  Oil. 

Sesame           .     . 

Orange 

Thick  but  fluid. 

Menhaden     .     . 

Dark  Red 

Turbid. 

13.  Molecular   weight   of  fatty   acids.      Occasionally   it   is 
desirable,  for  the  purpose  of  distinguishing  between  various 
oils,  to  determine  the  molecular  or  combining  weight  of  the 
fatty  acids  obtained  from  them.     This  is  done  as  follows  r 
10  grammes  of  the  fatty  acid  are  weighed  out,  dissolved  in 
methylated  spirit,  a  little  alcoholic  solution  of  phenol  phtha- 
lein  added,  and  then  titrated  with  normal  caustic  soda  until  a. 
permanent  pink  coloration  is  obtained. 

To  calculate  the  combining  weight,  multiply  the  number 
of  cubic  centimetres  of  caustic  soda  used  by  0'04,  which  gives 
the  weight  of  caustic  soda  needed  to  combine  with  the  10 
grammes  of  oil.  Then  divide  this  number  into  the  weight 
of  oil  taken  and  multiply  the  result  by  40,  when  the  combin- 
ing weight  will  be  obtained. 

14.  Melting  point  of  fats.     The  most  convenient  way  of 
ascertaining  the  melting  point  of  fats  is  that  known  as  the 
capillary  tube  method.     This  is  carried  out  in  the  following 
manner :  A  piece  of  thin  glass  tubing  is  drawn  out  at  one 
end   into   a   capillary   tube.     The   fat   or   substance   whose 
melting  point  is  required  is  heated  in  a  small  glass  beaker 
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until  it  is  just  melted,  and  the  end  of  the  capillary  tube 
dipped  into  the  melted  fat ;  some  will  be  taken  up.  The 
tube  is  withdrawn  and  placed  on  one  side  for  some  time  to 
cool,  to  allow  the  fat  to  solidify.  The  capillary  tube  is  next 
tied  to  the  stem  of  a  thermometer  in  such  a  way  that  the 
bulb  and  capillary  tube  where  the  fat  is  are  close  together. 
A  beaker  of  cold  water  is  placed  on  a  sand  bath  and  heated 
by  a  Bunsen  burner.  The  thermometer  is  suspended  in  the 
centre  of  the  water.  As  long  as  the  temperature  remains 
below  the  melting  point  of  the  fat,  the  latter  will  be  opaque 
and  stationary,  but  when  the  melting  point  is  reached  then 
the  fat  becomes  transparent  and  will  rise  in  the  tube.  When 
this  event  is  noticed,  the  temperature  is  read  off  on  the 
thermometer,  and  this  gives  the  melting  point  of  the  fat. 

15.  Eeichert's  test.  Some  fats,  notably  coconut  oil,  palm 
nut  oil,  butter,  whale  oil,  contain  fatty  acids  which  are 
soluble  in  water,  and,  when  distilled  along  with  water, 
volatilise  and  distil  over,  the  distillate  having  an  acid  re- 
action. It  has  been  found  possible  to  employ  this  property 
as  a  test  in  the  examination  of  oils,  and  from  having  been 
originally  devised  by  Eeichert,  is  known  by  his  name.  Since 
its  first  introduction  other  analysts  have  published  sundry 
modifications  in  the  manner  of  carrying  it  out. 

Reichert's  test  is  carried  out  in  the  following  manner  : 
2*5  grammes  of  the  oil  or  fat  are  thoroughly  saponified  by 
boiling  with  25  cc.  of  a  normal  or  nearly  so  alcoholic  solution 
of  caustic  potash,  in  the  same  manner  as  is  adopted  for  the 
Koettstorfer.  After  the  saponification  is  complete,  boil  until 
all  the  alcohol  has  been  boiled  off,  then  dilute  with  water, 
add  sufficient  dilute  sulphuric  acid  to  decompose  the  soap, 
add  water,  if  necessary,  to  bring  up  the  volume  to  75  cc. 
Then  distil  in  a  retort  until  50  cc.  have  come  over,  taking 
care  to  avoid  bumping  over  of  the  liquid.  Should  the  dis- 
tillate be  cloudy  or  show  the  presence  of  fat  globules  filter 
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it,  washing  the  filter  with  warm  water.  Then  titrate  the 
clear  distillate  with  decinormal  caustic  soda,  using  phenol 
phthalein  as  an  indicator,  noting  the  number  of  cc.'s  of  the 
alkaline  solution  required. 

The  following  are  a  few  figures  obtained  with  this  test : — 


Fat  or  Oil. 

No.  of  cc.'s  of  ~  KOH  used. 

Butter         .... 

12-5  to  15-2 

Coconut  Oil         ... 

3-5 

Palm  Nut  Oil     ... 

2-5 

Palm  Oil    .... 

0-8 

Whale  Oil  .... 

3-7 

Sperm  Oil  .... 
Cotton  Seed  Oil  ... 

1-7 
0-3 

Castor  Oil  .... 

1-4 

Thickened  Rape  Oil  . 
„          Cotton  Seed  Oil 

1-2 
1-3 

16.  Tar  in  cylinder  oils.     Some  chemists  have  professed  to 
find  a  small  quantity  of  matter  which  for  want  of  a  better 
name    they  have    called    "tar".      They   take    5    grammes 
of  the  oil  and  mix  it  with  100  cc.  of  petroleum  ether  and 
allow  the  mixture  to  stand  for  12  hours.     In  some  of  the 
darker  coloured  cylinder  oils  a  small  blackish  deposit  will 
have  formed  too  small   in  most   cases  to  weigh,   and  the 
amount  can  only  be  approximately  and  comparatively  esti- 
mated.    The  name  of  tar  conveys  to  one's  mind  the  idea  of 
a  substance  which  is  detrimental  to  the  lubricating  value  of 
the  oil,  but  it  has  not  been  conclusively  shown  that  the 
substance  which  has  received  this  name  and  found  in  oils 
has  no  lubricating  power  at  all.     The  author  is  strongly  of 
opinion  that  this  feature  of  oils  is  of  no  importance. 

17.  Gum  in  oils.     Alcohol  has  but  a  slight  solvent  action 
on  oils,  particularly  the  hydrocarbon  oils.     Some  chemists 
have  considered  that  what  alcohol  extracts  from  such  oils 
is  not  oil  at  all,  but  a  substance  to  which  they  have  given 
the  name  of  "gum".     They  take  5  to  10  grammes  of  the 
oil,  shake  it  well  with  100  cc.  of  alcohol,  pour  the  alcohol 
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into  a  weighed  beaker,  evaporate  off  the  alcohol  and  weigh 
the  residue,  which  they  call  "gum,"  but  which  might  just 
as  well  be  a  small  trace  of  oil  that  the  alcohol  has  taken 
up.  The  author  has  found  cylinder  oils  to  yield  from  *75  to 
3  per  cent,  of  such  extractive  matter,  but  considers  it  to  be  a 
,  measure  of  the  solubility  of  the  oil  in  the  alcohol  rather 
than  proof  of  the  presence  of  "gum"  in  the  oil.  Usually, 
too,  it  will  be  found  that  the  more  alcohol  that  is  used  the 
more  will  be  dissolved  out. 

18.  Paraffin  in  oils.  To  detect  the  presence  of  paraffin 
in  oils,  10  to  20  grammes  should  be  weighed  out  and  dis- 
solved in  100  to  150  cc.  of  petroleum  ether  in  a  conical  flask. 
The  flask  and  its  contents  is  now  immersed  in  a  mixture  of 
pounded  ice  and  salt,  by  which  means  it  is  cooled  down  to  0° 
R  If  there  be  any  paraffin  in  the  oil,  it  will  crystallise  out 
and  the  oil  will  become  turbid  in  appearance.  To  determine 
the  amount  filter  the  cold  oil  through  a  funnel  surrounded 
by  the  freezing  mixture  of  ice  and  salt,  wash  it  with  cold 
petroleum  ether,  then  dissolve  it  in  warm  petroleum  ether, 
next  evaporate  off  the  ether  from  the  solution  thus  got  by 
means  of  a  water  bath,  then  weigh  the  residue  of  wax  which 
is  left. 

OIL  TESTING  MACHINES. 

For  the  purpose  of  obtaining  a  greater  knowledge  of  the 
practical  working  of  oils  in  the  lubrication  of  machinery  than 
is  possible  by  means  of  the  tests  given  above,  mechanical 
tests  have  been  devised  from  time  to  time,  and  quite  a 
number  of  these  oil  testing  machines  are  now  in  use  in 
various  oil  works  and  machinery  establishments  in  the 
country,  many  having  been  specially  designed  for  the  users' 
own  purposes,  and  have  not  been  put  in  the  market. 

Practically,  only  three  are  now  in  much  use :  these  are 
the  Ingram  &  Stapfer,  the  Thurston,  and  the  Thomas. 
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In  order  to  determine  precisely  what  oils  are  adapted  to 
-any  special  purpose,  or  to  ascertain  what  uses  an  oil  is  best 
fitted  for,  it  is  necessary  to  make  an  examination  of  the 
lubricant  while  it  is  working  under  the  specified  conditions. 
That  is  to  say,  the  oil  should  be  put  upon  a  journal  of  the 
character  of  that  on  which  it  is  proposed  to  use  it,  and  sub- 
jecting it  to  the  pressure  proposed,  and  running  it  at  the 
speed  at  which  the  journal  is  expected  to  attain,  its  behaviour 
under  these  conditions  will  then  show  conclusively  its  adapta- 
bility to  such  a  purpose. 

While  running  it  is  necessary  to  measure  the  friction 
produced  and  to  determine  its  coefnciency,  as  well  as  to  be 
able  to  note  its  durability  and  the  rise  in  temperature  of  the 
bearing.  These  qualities  being  determined  and  recorded,  all 
is  known  of  the  oil  that  is  needed  to  determine  its  lubricating 
power  and  its  value  for  the  purpose  intended. 

The  Ingram  &  Stapfer  machine  is  made  by  Messrs.  W. 
H.  Bailey  &  Co.  of  Salford.  This  machine  is  represented  in 
Figure  58,  and  is  made  in  two  sizes;  a  small  size  for  ordinary 
oil  testing,  and  a  large  size  adapted  for  the  testing  of  heavy 
machinery  oils,  railway  work,  etc.,  intended  for  use  in  large 
bearings,  carriage  and  waggon  axles. 

This  machine  consists  of  a  bed-plate  having  upon  it  a 
pair  of  standards  carrying  a  short  length  of  shafting,  upon 
which  is  a  testing  journal  fitted  with  two  brass  steps,  the 
•speed  at  which  the  shaft  is  driven  being  about  2,000  revolu- 
tions per  minute,  but  can  be  regulated.  The  friction  is 
brought  to  bear  by  levers,  and  weights  somewhat  after  the 
manner  of  a  friction  brake,  as  shown  in  the  drawing,  acting 
on  the  steps.  On  the  top  step  is  a  thermometer  for  indicating 
any  increase  in  temperature  caused  by  the  friction.  A  dial 
indicates  the  number  of  revolutions  that  the  shaft  makes 
during  the  test.  The  machines  used  for  testing  light  oils 
have  the  friction  journals,  where  the  oil  is  tested,  three  inches 
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in  diameter ;  those  for  testing  tallow  and  heavier  oils  are  of 
larger  diameter  (six  inches). 

This  machine  is  used  in  the  following  manner :  The  top 
and  bottom  steps  should  be  well  cleaned  before  each  experi- 
ment, and  kept  free  from  dust ;  the  bearings  of  the  spindle 
should  be  well  oiled  to  prevent  friction  in  the  wrong  place. 
It  should  run  half  a  day  well  oiled  before  a  test  takes  place 
when  first  fixed. 

The  oil  must  be  measured  in  a  small  glass  tube  (an 
homoeopathic  bottle  will  do,  or  a  hole  in  a  small  key,  if  it  is 


FIG.  58.  Ingram  &  Stapfer  Oil  Testing  Machine. 

smooth  inside).  In  emptying  its  contents,  the  measure 
should  be  warmed  over  a  flame  to  enable  the  oil  to  flow 
freely  from  it.  The  measure  should  be  well  cleaned  out  each 
time.  Two  drops  only  have  often  been  used,  and  a  glass 
pencil  dipped  into  the  oil,  and  then  held  until  the  drops 
accumulate,  will  be  found  useful,  but  a  definite  weight  or 
measure  is  the  best. 

The   thermometer   should,    as    far    as    possible,    always 
indicate  the  same  temperature  at  starting.     It  is  found  that 
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150°  F.  is  the  best  to  try  all  oils  to,  if  their  lubricating  power 
is  to  be  measured,  and  the  machine  should  always  be  driven 
until  that  temperature  is  indicated,  and  then  immediately 
stopped.  The  machine  should  be  put  in  a  place  not  liable 
to  sudden  changes  of  temperature. 

When  a  temperature  of  150°  F.  has  been  reached  (the 
speed  index  showing  zero  at  the  start),  it  will  then  be  seen 
what  number  of  revolutions  is  taken  to  produce  the 
temperature  (see  table  below).  The  speed  should  be  about 
1,500.  A  uniform  speed  should  be  maintained  in  all 
tests. 

After  obtaining  figures  in  this  way  from  an  oil,  stop  the 
machine  and  let  the  oil  remain  on  the  machine,  and  in 
twelve  hours  after  see  how  soon  150°  F.  can  be  obtained.  The 
second  experiment  will  indicate  which  of  the  two  oils  is 
the  inferior  on  machinery,  when  stopped,  by  reason  of  its 
tendency  to  gum  through  oxidation. 

Should  the  oil  indicate  or  have  any  tendency  to  gum 
or  become  thick  by  exposure  to  the  air,  this  will  be 
indicated  by  a  smaller  number  of  revolutions  being  required 
to  produce  the  temperature  of  experiment. 

Another  method  of  running  this  machine  is  to  run  it  for 
a  definite  number  of  revolutions  and  for  a  fixed  time,  say 
one  hour  and  a  half,  and  notice  the  temperature  which  has 
been  reached  in  that  time.  The  following  are  some  figures 
which  have  been  obtained  with  this  machine  : — 


Name  of  Material. 


Heat  Developed  in  1^  Hours. 


Castor  Oil 

Kesin  Oil 

Tallow  or  Animal  Oil 

Rape  Oil 

Lard  Oil 

Olive  Oil 

Sperm  Oil 

Mineral  Oil    . 


158 

155 

141 

148 

146 

143 

133 

121  \  Heat  developed 

117  J     in  1  hour. 

17 
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Olive  oil  when  run  for  20,000  revolutions  gave  a 
temperature  of  175°  F.  A  mixed  lubricating  oil  gave  for 
the  same  number  of  revolutions  165°  F. 

A  sample  of  ox  oil  required  the  machine  to  be  run  for 
13,000  revolutions  to  reach  the  temperature  of  200°  F.  when 
fresh,  and  only  11,700  revolutions  when  the  oil  has  been  on 
the  bearing  for  twelve  hours.  Similarly  a  sample  of  sperm 
oil  ran  for  16,900  revolutions  when  fresh  and  13,000  after 
exposure. 

The  relative  wearing  qualities  of  the  animal  and 
vegetable  and  mineral  oils  are  observable  on  this  machine. 
The  former  can  be  run  for  one  and  a  half  to  two  hours,  while 
the  latter  are  exhausted  after  half  an  hour's  run. 

The  Thurston  Oil  Testing  Machine,  shown  in  Figures 
59  and  60,  is  a  very  ingenious  one.  It  is  the  invention 
of  Professor  K.  H.  Thurston,  of  the  Technical  College 
at  Hoboken,  New  Jersey,  United  States.  The  Thurston 
oil  tester  consists  of  a  small  shaft  running  in  two 
bearings,  carrying  a  journal  on  one  end.  This  journal  is 
grasped  by  two  brass  steps  which  are  in  connection  with 
a  pendulous  weight.  These  brass  steps  are  forced  against 
the  journal  by  means  of  a  screw  which  compresses  a  coil 
spring.  The  amount  of  this  pressure  is  indicated  on  a  scale 
like  that  of  a  spring  balance.  A  "bob"  at  the  end  of  the 
pendulous  arm  gives  the  weight  necessary  to  resist  deflection. 
The  angle  of  deflection  is  measured  on  an  arc  or  quadrant 
graduated  in  such  units  that  the  figures  which  may  be  read 
off  give  not  only  the  angle  of  deflection,  but  also  the  co- 
efficient of  friction.  A  thermometer  on  the  top  brass  gives 
the  temperature  in  a  manner  similar  to  that  of  the  Stapfer 
test.  This  machine  is  used  much  in  the  same  way  as  the 
tester  previously  described.  It  is  used  in  the  engineering 
shops  of  the  United  States  Navy  and  many  railway  works. 
The  small  machine  (Figure  60)  is  for  testing  the  ordinary 
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range  of  oils,  while  a  large  machine  is  made  for  heavy  oils 
for  heavy  bearings. 

This  machine  is  adapted  for  a  wide  range  of  pressures,  as 
is  seen  in  the  index  plate  in  front  of  the  pendulum,  where 
the  large  figures  represent  the  total  pressures  on  the  journal, 
and  those  opposite  the  corresponding  pressures  per  square 
inch. 


FIG.  59.  Thurston's  Oil  Testing 
Machine. 


FIG.  60.  Sectional  View  of  Thur- 
ston's Oil  Testing  Machine. 


To  obtain  the  best  results  it  is  essential  that  each  test 
should  be  made  at  the  pressure  under  which  it  is  proposed 
that  the  journal  on  which  it  is  to  be  used  shall  be  run. 

The  periphery  speed  of  the  journal  shall  be  equal  to 
the  maximum  periphery  speed  of  the  shafting  or  journals 
on  which  the  selected  oil  is  intended  to  be  used. 

Figure  60  is  a  sectional  view  with  index  lettering. 
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The  figures  on  the  arc  P,  traversed  by  the  pointer 
attached  to  the  pendulum,  are  such  that  the  quotient  of 
the  reading  of  the  arc,  divided  by  the  total  pressure  read 
from  the  front  of  the  pendulum  at  M,  gives  the  "  coefficient 
of  friction,"  i.e.,  the  proportion  of  that  pressure  which 
measures  the  resistance  due  to  friction. 

To  determine  the  lubricating  qualities  of  an  oil  remove 
the  pendulum  HH  (see  sectional  illustration,  Figure  60)  from 
the  testing  journal  GG,  adjust  the  machine  to  run  at  the 
desired  pressure  by  turning  the  screw  head  K,  projecting 
from  the  lower  end  of  the  pendulum,  until  the  index  M 
in  front  of  the  pendulum  shows  the  right  pressure ;  adjust 
it  to  run  at  the  required  speed.  Throw  out  the  bearings  by 
means  of  the  two  thumb  screws  on  the  head  of  the  pendulum 
in  the  small  machine,  or  by  setting  down  the  brass  nut 
immediately  under  the  head  in  the  case  of  the  large  machine. 
Carefully  slide  the  pendulum  of  the  testing  journal  GG,  and 
see  that  no  scratching  of  journal  or  brasses  takes  place. 
Place  a  few  drops  of  the  lubricant  to  be  tested  on  the 
journal,  replace  the  pendulum,  and  set  the  machine  in 
motion,  running  it  a  moment  until  the  oil  is  well  distributed 
over  the  journal.  Next  stop  the  machine,  loosen  the  nut  or 
the  cams  which  confine  the  spring,  and,  when  it  is  fairly  in 
contact  and  bearing  on  the  lower  brass  with  full  pressure, 
turn  the  brass  nut  or  the  cams  fairly  out  of  contact,  so  that 
the  spring  may  not  be  jammed  by  their  shaking  while 
working.  Now  start  the  machine  again,  and  run  until 
the  behaviour  of  the  oil  is  determined.  At  intervals  of  one 
or  more  minutes,  as  may  prove  most  satisfactory,  observe 
and  record  the  temperature  given  by  the  thermometer  Q, 
and  the  reading  indicated  on  the  arc  P  of  the  machine  by 
the  pointer  O.  When  both  readings  have  ceased  to  vary, 
experiments  may  be  terminated. 

Remove  the  pendulum,  first  relieving  the  pressure  of  the 
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spring,  and  clean  the  journal  and  brasses  with  great  care 
from  every  sign  of  grease,  and  be  especially  careful  not  to 
leave  a  particle  of  lint  on  the  surfaces. 

A  comparison  of  the  results  thus  obtained  with  several 
oils  will  show  their  relative  values  as  reducers  of  friction. 

Note  should  be  made  of  the  following  points  : — 

Temperature  before  and  at  end  of  experiment,  showing 
increase. 

Pressure. 

Number  of  revolutions. 

Duration  in  time  of  test. 

Headings  on  the  arc  of  the  machine. 

To  determine  the  liability  of  the  oil  to  gum,  allow  the 
machine  to  stand  with  the  journal  wet  with  oil  for  twelve  or 
twenty-four  hours  or  more,  as  may  be  found  necessary. 
Then  start  up  and  run  a  few  moments  until  the  reading  on 
the  arc  P,  having  fallen  to  a  minimum,  begins  to  rise  again, 
then  stop  at  once.  Compare  the  minimum  coefficients  thus 
obtained  from  the  several  oils  to  be  examined.  That  which 
gives  the  smallest  figure  will  be  least  liable  to  gum  during 
the  period  of  time  given  to  the  test. 

To  determine  durability,  proceed  as  in  determining  the 
lubricating  quality,  and  apply,  say,  a  drop  for  each  two  inches 
length  of  journal,  then  start  the  machine.  When  the  friction, 
as  shown  by  the  pointer  0,  has  passed  a  minimum  and 
begins  to  rise,  the  machine  should  be  carefully  watched,  and 
should  be  stopped  either  at  the  instant  the  friction  has  reached 
double  the  minimum,  or  when  the  thermometer  indicates 
212°  F.  This  operation  should  be  repeated  until  the  dura- 
tion of  each  trial  becomes  nearly  the  same.  An  average  may 
then  be  taken  either  of  the  time,  of  the  number  of  revolutions, 
or  of  the  distance  rubbed  over  by  the  bearing,  which  average 
will  measure  the  durability  of  that  lubricant. 
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Next  carefully  clean  the  testing  journal  and  proceed  as 
before  with  the  next  oil  to  be  tested. 

A  lubricant  is  valuable  in  proportion  to  its  durability  and 
its  freedom  from  tendency  to  gum,  and  in  proportion  as  it 
exhibits  a  low  measure  of  friction.  In  making  comparisons, 
always  test  the  standard  as  well  as  the  competing  oils  on 
the  same  journal,  and  under  precisely  the  same  conditions. 
An  approximate  value  by  which  to  compare  the  oils  can  be 
calculated,  based  on  the  assumption  that  they  will  have  a 
money  value  proportionate  to  their  durability  and  to  the 
inverse  ratio  of  the  value  of  the  coefficient  of  friction. 
Thus,  suppose  two  oils  to  run,  the  one  ten  minutes  and  the 
other  five  minutes,  under  a  pressure  of  one  hundred  pounds 
per  square  inch,  and  both  at  the  same  speed,  and  suppose 
them  to  give,  on  test  for  friction,  the  coefficients  O'lO  and 
0'6  respectively,  their  relative  values  might  be  taken  at 
Y§  =  1  and  |  =  0'625.  If  the  first  is  worth,  say,  100  pence, 
the  second  should  be  worth  62  pence.  In  many  cases,  how- 
ever, the  same  quantity  would  be  applied  by  the  oiler, 
whatever  oil  might  be  used,  and  their  values  to  the  consumer 
would  be  the  inverse  proportion  of  the  values  of  their 
coefficients  of  friction,  i.e.,  as  six  in  the  above  case  is  to  ten, 
thus  showing  that  it  would  be  cheaper  to  use  the  latter  if  the 
cost  is  anything  less  than  its  relative  value. 

The  following  tables  show  some  tests  of  oil  made  with 
this  machine : — 


Oil. 

Pressure 
in  sq.  ins. 

Time  of 
Run. 

Increase  in 
Tempera- 
ture. 

Eeadiugs 
on  Arc. 

Revolu- 
tions. 

Sperm    .... 
Lard  

75 

75 

Mins. 

85 
76 

35     • 
55 

3  to    6-5 
5  to  10-0 

27,870 
24,500 

Lubricating  Oil  . 

75 

93 

95 

8  to  16-0 

25,720 
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COEFFICIENTS  OF  FKICTION  AND  ENDURANCE  OF 
LUBRICANTS. 


Name. 

Pressure. 

Endurance. 

Kise  in 
Tempera- 
ture. 

Co- 
efficient. 

Lbs. 

Min. 

F. 

(    8 

Ill 

230 

0-13 

Sperm  (Winter)  Oil  .     .     .     . 

16 

29 

225 

0-10 

Us 

9 

195 

0-08 

f    8 

165' 

170 

0-13 

,,       (Summer)  Oil    .     .     . 

I16 
1  48 

33 

7 

215 

265 

0-11 
0-10 

f    8 

77 

175 

0-16 

Lard  Oil                

\  16 

27 

250 

0-12 

Us 

11 

260 

0-07 

(    8 

106 

205 

0-15 

Neatsfoot  Oil  

\  16 

31 

275 

0-10 

1 

Us 

6 

190^ 

o-io 

(    8 

83 

170 

0-13 

Olive  Oil 

\  16 

\      J~\J 

41 

245 

o-io 

Us 

14 

240 

0-06 

f  8 

107 

185 

0-16 

Cotton  Seed  Oil   

I16 

45 

275 

0-12 

Us 

12 

310 

0-07 

f  8 

49 

195 

0-17 

Palm  Oil          .                   .     . 

I  16 

15 

235 

0*13 

1 

Us 

9 

295 

0-07 

(    8 

45 

160 

0-19 

Castor  Oil   

\  16 

35 

180 

0*11 

Us 

11 

375 

0-07 

f  8 

40 

200 

0-15 

Fish  Oil  (Cod)      

I16 

14 

175 

0-12 

I  48 

9 

220 

0-07 

f  8 

129 

105 

0-10 

Crude  Mineral  Oil    .... 

i16 

97 

285 

0-10 

Us 

5 

270 

o-io 

The  bearings  were  run  dry. 

The  speed  of  the  testing  journal  was  750  feet  per  minute. 

The  coefficient  of  friction  is  obtained  by  dividing  the 
readings  on  the  arc  by  the  total  pressure. 

A  comparison  of  the  results  thus  obtained  with 
several  oils  will  show  their  relative  values  as  reducers  of 
friction. 

Steam  cylinder  lubricants  are  tested  on  bearings  heated 
to  a  temperature  corresponding  to  any  desired  steam  pressure. 
When  the  maximum  temperature  has  been  attained,  the 
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flame  is  removed,  and  the  behaviour  of  the  oil  noted  as  the 
temperature  falls  to  212°  F.,  which  corresponds  to  atmo- 
spheric pressure  or  to  zero  on  the  steam  gauge.  Any  effer- 
vescence or  excessive  friction  at  the  higher  temperatures 
condemns  the  lubricant.  This  machine  is  made  by  Messrs. 
W.  H.  Bailey  &  Co. 

The  Thomas  "Friction"  Oil  Testing  Machine  is  shown 
in  Figure  61.  The  testing  portion  of  this  machine,  seen  in 
front  of  the  drawing,  consists  of  an  annular  disc  contain- 
ing a  recessed  groove,  which  is  made  exactly  one  square 
centimetre  in  size  and  one  metre  in  circumference,  so 
that  the  circumferential  speed  can  be  easily  ascertained. 
This  annular  disc  is'driven  by  the  arrangement  also  shown 
in  the  drawing.  A  belt  for  the  driving  shaft  is  attached  to 
a  pair  of  fast  and  loose  pulleys  on  a  counter  shaft.  On  this 
is  placed  a  set  of  three  cone  pulleys,  and  these  are  in  gear 
with  a  similar  set  on  the  shaft  of  the  testing  disc.  By  this 
arrangement  the  speed  can  be  varied  to  almost  any  desired 
extent,  so  that  oils  that  are  to  be  used  on  quick-running 
machinery  can  be  tested  under  similar  conditions  as  to  speed, 
while  heavy  oils  for  heavy  slow  machinery  can  be  tested  at  the 
slow  speeds  at  which  they  are  to  be  used.  This  is  an  advantage 
not  possessed  to  the  same  extent  by  other  testing  machines. 

In  the  annular  recess  in  the  disc  works  a  friction  block. 
This  is  pressed  down  by  the  weight  shown  hanging  from  the 
bracket.  This  weight  can  be  varied  to  any  extent,  from, 
say,  10  Ibs.  to  100  Ibs.,  and  whatever  weight  is  used  is  the 
pressure  per  square  centimetre. 

Now  the  revolution  of  the  disc  tends  to  carry  the  friction 
block  out  of  the  centre  line  until  it  reaches  a  point  where 
the  two  forces,  the  friction  and  the  weight,  tend  to  neutralise 
each  other,  and  there  it  will  remain  more  or  less  stationary. 
This  point  will  depend  upon  the  speed  of  revolution,  the 
weight  or  pressure  exerted  on  the  friction  block,  and  upon 
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the  quality  of  the  lubricant.     In  the  latter  case,  the  better 
.the  oil  or  lubricant  used,  or  the  better  the  degree  of  lubrica- 


FIG.  61.  Friction  Oil  Testing  Machine. 

tion,  the  less  is  the  block  drawn  out  of  the  centre  line.     In 
the  machine  this  factor,  which  represents  what  is  known  as 
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the  coefficient  of  friction,  is  made  to  manifest  itself  in  a 
visible  and  recorded  form,  by  an  arrangement  of  levers  which 
carry  a  pencil  point,  and  draw  a  line  on  a  paper  ribbon, 
which  is  drawn  between  a  pair  of  rolls,  seen  on  the  right  of 
the  drawing,  at  a  low  rate.  If  the  lubrication  is  good,  a  fairly 
straight  line  is  drawn,  while  if  it  varies  much,  then  a  zigzag 
line  is  drawn ;  while  the  amount  of  the  coefficient  is  shown 
by  the  position  of  the  line  in  reference  to  the  datum  line 
on  the  paper  ribbon.  It  is  in  thus  recording  the  amount  of 
the  coefficient  of  friction  that  this  machine  differs  from  all 
hitherto  made.  Some  diagrams  made  by  this  machine  are 
given  in  Figure  62,  and  they  show  very  clearly  the  relative 
value  of  different  oils  for  the  same  purpose. 

A  thermometer,  which  has  its  bulb  inserted  in  a  hole  in 
the  friction  block,  sho\vs  any  and  what  increase  of  tempera- 
ture takes  place.  This  is  a  feature  of  some  importance. 

By  means  of  a  Bunsen  burner  the  annular  disc  may  be 
heated  up  to  any  required  degree  of  temperature.  This  is 
a  feature  of  this  machine,  which  will  be  found  extremely 
useful  in  testing  cylinder  oils,  and  such  can  be  tested  at 
temperatures  ranging  to  350°  F.,  a  temperature  which  is- 
sometimes  attained  in  the  cylinders  of  high  pressure 
engines. 

There  is  one  feature  in  this  machine  whereby  it  has. 
advantages  over  some  others  which  have  been  made.  The 
whole  of  the  oil  is  applied  to,  and  is  certain  to  come  into 
contact  with,  the  friction  block.  This  is  not  a  certainty 
with  other  forms  of  oil  testing  machines.  Then  again  the 
effect  of  varying  methods  of  lubrication  may  be  efficiently 
tested  with  this  machine.  It  may  be  fed  with  a  stated 
quantity  of  oil,  and  the  length  of  time  this  will  wear 
may  be  ascertained,  or  the  feed  may  be  continuous,  and 
the  machine  run  for  a  stated  time  to  ascertain,  under  con- 
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tinuous  lubrication,  what  the  coefficient  of  friction  is,  and 
its  variation,  and  what  temperature  is  attained  during  the 


run. 


GALLIPOLI     OLIVE    OIL 
OIL  TEMPERATURE  COMMENCING  = 
11  "  FINISHING    = 


CURVE   OF  TEMPERATURE 


:URVE  OFCOEFI 


SPERM    OIL 

OIL  TEMPERATURE 


FINIS*    =32 


|F  TEMPERATURE 


SPINDLE    OIL     N3£ 

OIL  TEMPERATURE     COMMENCING- 24°  C 
H  n  FINISHING    =  42/2° 


:URVE  OF  TEMPERATURE 


CURVE  OF  COEFFICIENT  OF   FRICTION 


FIG.  62.  Diagrams  of  Oil  Tests. 

A  brief  notice  may  be  given  here  of  some  other  forms  of 
testing  machines. 


•268  LUBEICATING   OILS. 

McNaught's.  This  consists  essentially  of  a  small  revolving 
disc  supported  on  suitable  bearings.  On  this  disc  a  loose 
one  rests,  the  two  faces  in  contact  being  carefully  and 
accurately  made.  By  friction  the  loose  disc  is  carried  round 
by  the  revolving  disc.  On  the  loose  disc,  however,  is  fitted 
•a  pin  which  comes  in  contact  with  the  arm  of  a  lever 
connected  with  a  graduated  balance  arm.  On  this  balance 
arm  is  arranged  a  sliding  weight,  and  by  moving  the  weight 
along  the  arm  a  point  is  reached  where  the  friction  between 
the  two  discs  is  counterbalanced  by  the  weight  and  the 
loose  disc  remains  stationary.  By  introducing  a  few  drops 
of  oil  between  the  two  surfaces  the  friction  is  reduced,  and 
this  reduction  is  measured  by  a  less  weight  being  required 
to  bring  the  loose  disc  to  rest.  With  different  oils  the 
weight  will  have  to  be  on  different  portions  of  the  arm, 
thus  measuring  the  friction-reducing  powers  of  the  oils. 
'This  machine  does  not,  however,  give  entirely  satisfactory 
results. 

Napier 's.  This  consists  essentially  of  a  revolving  wheel 
^against  the  edge  of  which  a  brake  block  is  pressed.  The 
amount  of  friction  between  the  two  tends  to  carry  the  brake 
T}lock  round ;  the  force  which  is  exerted  to  effect  this  can  be 
measured  by  means  of  a  dynamometer,  while  the  pressure 
•exerted  by  the  brake  block  can  also  be  measured.  By 
introducing  oils  on  to  the  revolving  wheel  the  friction 
is  reduced  in  proportion  to  the  quality  of  the  oil,  the 
reduction  of  friction  being  measured  by  the  dynamometer 
.attached  to  the  machine. 

Shaiv's  machine  is  a  simple  and  yet  effective  machine. 
This  is  constructed  as  follows :  A  surfaced  disc  of  metal 
•about  4  inches  in  diameter  is  mounted  on  a  vertical  shaft  or 
spindle  which  is  made  to  revolve  at  about  700  revolutions 
per  minute.  The  oil  to  be  tested  is  put  on  this  disc, 
.and  a  block  of  metal  with  a  surfaced  face  is  placed  upon 
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it,  and  a  cord  or  chain  connected  with  a  spring  balance 
is  attached  to  a  pin  screwed  into  the  side  of  the  block.  A 
hole  is  bored  through  the  centre  of  this  block,  in  which  a 
thermometer  is  placed,  so  that  all  tests  may  commence  at  a 
fixed  temperature.  When  the  machine  is  set  in  motion,  the 
body  or  thickness  of  the  oil  is  indicated  on  the  spring 
balance,  and  as  the  oil  thins,  or  gets  exhausted  by  the 
frictional  heat,  it  rolls  off  the  disc  and  the  balance  runs 
down.  If  the  oil  contains  nothing  but  lubricating  matter,, 
it  will  go  down  to  about  one  pound,  which  is  the  friction  of 
the  surfaces  without  oil,  but  if  there  is  any  glutinous 
ingredient  in  the  oil,  the  balance  will  not  run  down  to 
one  pound,  but  the  block  will  begin  to  jump  or  jerk  at 
various  indications,  from  5  pounds  to  1  pound,  according; 
to  the  amount  of  viscous  matter  contained  in  the  oil. 
The  presence  of  gum  is  also  shown  by  allowing  the  waste 
oil  to  remain  on  the  edge  of  the  disc  until  cold,  when 
it  will  be  sticky  if  there  is  gum,  but  limpid  and  soft  if 
pure  oil. 

Another  form  of  oil-testing  machine  consists  of  a  heavy 
vertical  disc,  revolving  on  a  horizontal  axle  with  rather 
long  bearings,  very  accurately  fitted.  The  wheel  is  caused 
to  revolve  by  a  known  force,  and  the  lubricating  power  of 
a  sample  of  oil  is  measured  by  the  number  of  revolutions, 
which  the  wheel  will  make. 


CHAPTER  VII. 

LUBRICATING  GREASES. 

THESE  greases  are  made  of  a  very  great  variety  of  materials, 
good,  bad,  and  indifferent.  For  some  kinds  anything  is 
thought  to  be  good  enough,  while  there  are  others  made  of 
good  materials  for  lubricating  certain  special  bearings  where 
no  other  kind  of  lubricant  can  possibly  be  used. 

To  these  greases  fancy  names  are  often  given,  more 
or  less  descriptive  of  the  particular  purpose  for  which 
the  grease  is  to  be  employed,  while  some  of  the  names 
are  altogether  fancy,  and  are  not  indicative  either  of  the 
use  or  the  composition  of  the  grease. 

Most  lubricating  greases  are  made  by  treating  a  grease  oil 
or  fat  with  an  alkaline  body,  when  a  soap  is  made,  which 
amalgamating  with  the  rest  of  the  oil  makes  the  latter 
stiff  and  greasy.  The  two  alkalies  chiefly  used  are  lime 
and  soda,  the  former  when  crude,  rough  greases  are  required, 
the  latter  when  better  qualities  are  desired,  although  some 
.greases  do  not  contain  any  alkali  at  all.  Sometimes  what 
are  known  as  fillings  are  put  in.  These  consist  of  such 
bodies  as  powdered  gypsum,  mica,  French  chalk,  black  lead, 
etc.,  some  of  which  add  to  the  lubricating  value  of  the 
grease,  while  others  do  not  and  are  put  in  to  make  the 
grease  apparently  stiffer. 

The  following  fats  and  oils  are  used  in  making  these 

lubricants  : — 
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PALM  OIL. 

This  material  is  used  in  making  the  best  qualities  of  loco 
greases.  For  this  purpose  the  poorer  qualities  of  palm  oil, 
which  are  rich  in  free  acid,  give  rather  better  results  than 
the  better  qualities,  because,  during  the  process  of  making, 
the  acid  enters  into  combination  with  the  alkali  used  and 
forms  a  soap  which  amalgamates  with  the  remainder  of  the 
oil  and  any  other  oil  substance  added  to  form  the  grease.  If 
the  palm  oil  contains  little  free  acid  it  is  obvious  that  this 
saponifying  action  cannot  take  place,  and  the  formation  of 
grease  takes  place  but  imperfectly. 

Tallow  is  frequently  put  into  greases  ;  of  course  only 
the  commoner  qualities  are  used,  as  the  finer  qualities  have 
greater  value  as  soap  stock. 

OIL  FOOTS  of  all  kinds  are  commonly  used.  They  are 
scarcely  usable  for  any  other  purpose  owing  to  the  colouring 
matter  and  other  impurities  that  they  contain. 

EOSIN  OIL  is  one  of  the  commonest  grease  materials, 
and  generally  the  crude  grades  are  thus  employed. 

KOSIN  OIL. 

Kosin  is  the  solid  residue  which  is  left  behind  when 
the  crude  turpentine  resin  from  various  species  of  pine  trees 
has  been  distilled  by  means  of  fire  heat  and  steam  to  obtain 
the  turpentine  spirit  used  by  painters.  Rosin  has  a  strong 
acid  nature,  but  its  constitution  has  not  yet  been  fully 
determined  ;  some  authorities  consider  that  it  is  a  mixture  of 
two  isomeric  acids  known  as  pinic  and  sylvic,  while  other 
authorities  consider  that  it  is  the  anhydride  of  abietic  acid. 
It  makes  its  appearance  in  the  form  of  large  homogeneous 
masses,  more  or  less  transparent,  varying  in  colour  from 
pale  amber  to  almost  black. 

When  distilled  in  a  still  with  fire  heat  alone,  or  with 
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the    combined    aid    of    fire    heat    and    superheated    steam,, 
rosin  undergoes  decomposition,  and  there  are  obtained  : — 

(1)  A  watery  acid  liquor. 

(2)  Eosin  spirit. 

(3)  Eosin  oil. 

(4)  Pitch  or  coke. 

The  operation  is  conducted  in  a  large  iron  still  connected 
with  suitable  boilers  of  about  2,000  gallons  capacity,  the 
operation  taking  about  35  to  36  hours  to  perform  when 
fire  heat  alone  is  used.  There  are  usually  obtained  3'1  per 
cent,  of  spirit,  85*1  per  cent,  of  oil,  3*9  per  cent,  of  coke,  2'5 
per  cent,  of  acid  water,  5 '4  per  cent,  of  loss. 

When  superheated  steam  is  used  15  per  cent,  of  rosin 
spirit,  62J  per  cent,  of  oil,  and  about  10  per  cent,  of  pitch  are 
obtained.  The  acid  water  contains  about  12 J  per  cent,  of 
acetic  acid.  It  is,  however,  rarely  used  for  making  that 
product.  The  rosin  spirit  is  refined  by  treatment  with 
sulphuric  acid  and  soda  and  redistillation,  when  it  is  used  as 
a  solvent  in  varnish  making. 

The  crude  rosin  oil  is  a  thick,  viscid,  dark  brown  coloured 
liquid  which,  on  standing,  deposits  crystalline  particles.  It 
is  certainly  acid  in  nature,  has  a  peculiar  and  characteristic 
odour,  and  a  strong  bluish  bloom.  Three  varieties  of  crude 
rosin  oil  are  collected  at  different  periods  of  the  distillation. 
These  are  known  as  "hard,"  "medium,"  and  "soft  ".  The 
character  of  the  oil  is  also  modified  by  the  method  of  distil- 
ling. If  the  distillation  is  conducted  rapidly,  then  the  "hard  " 
rosin  oil  is  the  result.  If  it  is  conducted  slowly,  then  "  soft  " 
rosin  oil  is  the  product.  Hard  rosin  oil  is  much  thicker  in 
consistence  that  soft  rosin  oil.  It  is  used  to  mix  with  lime 
for  making  lubricating  greases,  while,  on  the  other  hand,  the 
soft  fluid  oil  is  employed  for  making  greases  with  lime 
which  are  more  fluid  than  those  got  with  hard  oil.  While 
rosin  oil  is  mostly  sold  in  the  crude  condition  as  it'  comes. 
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from  the  still,  especially  for  use  in  making  greases,  it  is  often 
subjected  to  a  process  of  refining  which  consists  in  treatment 
with  (1)  sulphuric  acid,  and  (2)  caustic  soda  and  redistillation. 
In  some  cases  the  latter  may  be  omitted.  By  this  treatment 
rosin  oil  becomes  much  paler  in  colour  and  freer  from  any 
solid  particles.  By  repeated  operations,  rosin  oil  of  a  pale 
yellow  lemon  tint  and  neutral  in  its  character  can  be 
obtained.  Rosin  oil  has  a  very  high  specific  gravity,  varying 
considerably  from  0'985  to  T02.  It  is  thick  and  viscid,  but 
becomes  fluid  on  heating.  When  heated  it  gives  off  the 
peculiar  odour  of  burning  rosin.  Its  flash  point  is  very  low, 
usually  about  322°  F.,  and  the  flashing  is  of  a  peculiar 
character,  being  somewhat  scintillating.  The  fire  test  also 
is  low,  about  400°  F.  Another  peculiar  property  of  rosin  oil 
is  its  action  on  polarised  light,  rotating  the  ray  30°  to  the 
right.  In  this  respect  it  differs  from  all  other  oils.  The  com- 
position of  crude  rosin  oil  is  exceedingly  complex.  It  con- 
tains members  of  the  olefin,  naphthene,  benzene,  and 
terpene  hydrocarbons.  There  are  also  present  alcohols, 
aldehydes,  and  ketate  compounds,  as  well  as  acid  bodies. 
The  more  highly  refined  rosin  oils  do  not  contain  the  ketate 
compounds,  but  comparatively  more  of  the  hydrocarbons. 

Some  of  the  crude  rosin  oils  exhibit  the  tendency  to  dry 
and  become  hard  when  exposed  to  the  air,  and  hence  have 
been  used  for  making  paint.  Their  use  for  this  purpose  is 
not  satisfactory,  for  the  oil  does  not  dry  properly,  and  exhibits 
the  tendency  to  soften  after  a  long  exposure  to  the  air. 

The  crude  rosin  oils  are  largely  used  for  making  greases, 
as  will  be  described  later  on,  while  the  more  refined  oils  are 
used  for  general  lubricating  purposes,  for  which  purpose 
they  cannot  be  considered  as  ideal  lubricants  unless  great 
care  has  been  taken  in  refining.  They  are  of  an  acid  charac- 
ter, and  have  a  corrosive  action  on  the  bearings  of  machinery ; 

while  being  very  viscid,  they  can  only  be  used  for  lubricating 
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very  heavy  shafting  and  machinery.  It  should  be  stated,  how- 
ever, that  the  best  grades  of  rosin  oil  are  quite  neutral,  and 
have  no  corrosive  action  on  metals.  Kosin  oil  is  sometimes 
added  to  lubricating  oils,  but  its  presence  is  detected  by  its 
high  specific  gravity  and  low  flash  point.  It  also  has  a  very 
peculiar  and  characteristic  taste  which  cannot  be  mistaken. 

Some  information  about  rosin  greases  will  be  found  below. 

The  following  are  some  details  concerning  the  various 
grades  of  crude  rosin  oils : — 


"Hard." 

"Medium." 

"Soft." 

Specific  Gravity  at  60°  F  
Viscosity  at  70°  F. 

0-987 
215 

0-992 
305 

0-986 
140 

100°  F  

65 

98 

29 

„           150°  F 

25 

30 

16 

Flash  Point 

200°  F 

220°  F 

220°  F 

Fire  Test    .... 

230°  F 

280°  F 

300°  F 

Free  Acid  ... 

33-670/ 

19-740/ 

2-820/ 

Hydrocarbon  Oil     

51-900/ 

68-500/ 

90-000/ 

Ethereal  Oil  

14-430/ 

11-760/ 

7'18°/ 

A  sample  of  refined  rosin  oil  of  a  brown  colour  had  the 
following  properties : — 


Specific  Gravity  at  60°  F. 
„      „  212° F. 
Viscosity  at  70°  F.     . 

„  100°  F.    . 

„  120°  F.    . 

„  150°  F.    . 

„  212°  F.    . 

Vaporising  Temperature    . 
Flash  Point 
Fire  Test    . 


0-9827 

0-9340 

449 

115 

74 

48 

19 

140°  F. 
311°  F. 
382°  F. 


Rosin  oils  vary  very  greatly  in  these  properties. 

YORKSHIRE  GREASE.     BROWN  GREASE. 
In   the  woollen  industry  a   large  quantity  of   soap  and 
oil  is  used  in  cleansing,  milling,  and  oiling  the  fibre,  yarn, 
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and  cloth,  during  the  different  processes  involved  in  spinning 
and  weaving  wool.  Formerly  all  these  products,  or  rather 
the  waste  from  them,  went  into  the  rivers  in  the  form  of 
soapsuds,  and  thus  helped  to  pollute  them. 

Now  almost  all  of  the  soapsuds  of  the  woollen  mills  of 
Yorkshire  and  other  districts  are  treated  with  acid,  and 
the  fat  which  is  liberated  used  again  for  various  purposes. 

The  soapsuds  are  collected  in  a  large  tank,  calculated 
to  hold  a  day's  supply,  say  from  6,000  to  8,000  gallons 
of  liquor.  Usually  two  tanks,  constructed  of  brickwork 
or  concrete,  are  provided,  one  being  used  to  collect  the  suds, 
while  the  suds  collected  in  the  other  tank  are  being  treated 
in  the  manner  following :  Sulphuric  acid,  or  preferably 
hydrochloric  acid,  is  added  to  the  suds,  and  after  thoroughly 
agitating  the  mixture  it  is  allowed  to  settle,  the  fatty  matter 
comes  to  the  top,  is  skimmed  off,  and  thrown  on  to  large 
cloth  filters  to  drain.  The  fatty  matter  thus  collected  is 
known  as  "  magma"  or  "  sake,"  and  the  operation  of  treat- 
ing the  suds  with  acid  is  commonly  known  as  "saking," 
probably  a  local  corruption  for  "  seeking  ". 

This  magma  is  then  sent  to  the  grease  mills,  while 
the  residual  liquid  is  run  into  the  river.  This  magma  is 
now  put  into  bags,  which  are  piled  up  in  a  tank  and  then 
weighted,  and  so  left  for  a  night,  when  a  large  quantity  of 
water  is  pressed  out.  Then  the  cakes  of  magma  are  placed 
in  a  hydraulic  filter  press  kept  hot  by  means  of  steam.,  and 
subjected  to  pressure,  when  a  dark  brown  greasy  product  is 
pressed  out,  and  a  more  solid  matter  is  left  behind  in  the . 
bags.  The  latter  is  known  as  "  sud  cake  "  and  is  used  as 
manure.  The  greasy  matter  referred  to  is  known  as  "York- 
shire grease". 

This  body  is  sometimes  used  for  making  soap  for  wool 
scouring,  but  is  more  frequently  distilled  for  preparing  wool 
oil  and  stearin. 
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Yorkshire  grease  varies  a  little  in  appearance,  but  usually 
is  of  various  shades  of  brown,  sometimes  almost  black. 
It  is  very  sticky,  and  easily  melts,  its  melting  point  being 
44°  C.  On  treatment  with  soda  or  potash,  it  undergoes 
partial  saponification ;  the  soap  so  produced  is  not  readily 
soluble  in  water,  and  is  of  very  short  grain.  Its  specific 
gravity  at  15'5°  C.  varies  from  0*939  to  0'957.  So  far 
as  my  experiments  go  the  lower  specific  gravity  is  always 
associated  with  a  low  percentage  of  unsaponifiable  matter. 

It  contains  free  fatty  acids,  unsaponifiable  matter,  and 
neutral  oils,  etc. 

The  free  fatty  acids  vary  with  different  samples  accord- 
ing to  the  character  of  soap  or  fat  originally  used.  The 
unsaponifiable  matter  contains  cholesterin,  derived  from 
the  natural  fat  of  the  wool,  and  probably  also  some  of 
the  mineral  oil  which  has  been  used  in  the  wool  batching. 
The  grease  also  contains  water  and  mineral  matter. 

The  following  table  shows  the  composition  of  four 
samples  of  Yorkshire  grease  examined  by  the  author  :— 


1. 

2. 

3. 

4. 

Specific  Gravity  at  15°  C.  .     . 
98°  C.  .     . 

0-9391 
0-8900 

0-9417 
0-8952 

0-9570 
0-8720 

Water          .               .... 

Per  Cent, 
n.qo 

Per  Cent. 
1-21 

Per  Cent. 
1-21 

Per  Cent. 
0-94 

Fatty  Acid  .          

18*61 

24-25 

24-25 

26-43 

Neutral  Oil                .... 

CQ.  co 

58*25 

30-02 

16-86 

Unsaponifiable  Oil  .     .     .     . 
Ash         

11-68 
O'll 

15-83 
0-14 

44-34 
0-18 

55-77 
Trace. 

100-00 

99-68 

100-00 

100-00. 

The  grease  is  also  used  in  the  manufacture  of  lubricating 
greases,  and  it  may  be  of  interest  in  this  connection  to  give 
its  flashing  point,  etc  : — 


Vaporising  Temperature 
Flashing  Point  . 
Fire  Test     . 


182 
226 

248 


359 

428 
478 
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It  makes  very  stiff  greases  of  high  melting  point. 

ANTHRACENE  OIL  is  a  bye-product  obtained  from 
coal  tar.  It  is  a  dark  greenish-brown  liquid  and  oily  in 
appearance,  the  colour  varying  considerably.  It  is  rather 
heavier  than  water,  the  specific  gravity  being  1'065  to  1*100. 
It  smells  strongly  of  tar  oils ;  mixed  with  lime  it  forms  a 
thick  but  oily  grease.  It  is  a  cheap  material,  probably 
the  cheapest  of  all  grease  stocks,  and  is  therefore  much  used 
in  making  the  cheaper  qualities  of  greases. 

DARK  PETEOLEUM  OILS  are  often  mixed  with 
greases  to  give  them  greater  lubricating  powers.  These  oils 
are  of  brownish  colour,  varying  in  consistency  from  liquid 
oils  (summer  dark)  to  thick  tarry  oils  (cylinder  oils).  They 
are  perfectly  neutral,  and  have  no  power  of  combining  with 
alkalies.  They  will  dissolve  soap  when  the  latter  is  presented 
to  them  in  a  dry  condition.  These  oils  are  fairly  cheap.  In 
some  of  the  better  qualities  of  greases  the  filtered  petroleum 
oils,  wiiich  are  of  a  brown  or  yellow  colour,  are  employed. 

Regarding  the  use  of  caustic  soda  and  lime  little  need  be 
said.  The  former  gives  smoother  greases  than  the  latter, 
and  its  soaps  are  more  easily  soluble  in  the  other  oils.  Lime 
is  the  cheaper  of  the  two,  and  is  hence  used  in  making  the 
cheapest  greases.  It  gives  stiffer  greases  than  soda,  which 
have  a  higher  melting  point. 

Of  the  filling  materials  used,  gypsum,  or  mineral  white, 
has  no  lubricating  power  at  all.  French  chalk  possesses 
some  slight  lubricating  properties,  being  smooth  and  soft 
to  the  touch.  Black  lead,  or  plumbago,  is  a  well-known 
lubricant,  especially  for  wood. 

MANUFACTURING  RECIPES. 

The  following  details   showing  the   method  of  making 

various  kinds  of  lubricating  greases  will  be  found  of  service  :— 

Wheel   Grease.     Take  5  pounds  of  quicklime  and  slake 
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with  20  pounds  of  water,  then  sieve  well,  and  stir  into 
the  lime  paste  4  gallons  of  "  hard  "  crude  rosin  oil,  then  allow 
it  to  stand  for  twelve  hours,  pour  off  the  water,  and  stir  in  5 
gallons  of  anthracene  grease  oil.  Now  heat  the  mass  to 
240°  F.,  stir  well  the  whole  time,  until  a  good  mixture  is 
obtained,  then  allow  to  cool  to  set. 

Tram  Grease.  Take  10  gallons  of  anthracene  oil,  and 
stir  in  a  paste  made  from  5  Ibs.  of  quicklime,  well  slaked, 
and  mixed  with  5  Ibs.  ground  gypsum,  then  heat  up  as 
before.  In  heating  greases  which  contain  water  care  must 
be  taken,  as  they  froth  a  great  deal,  and  hence  capacious 
vessels  must  be  used.  Too  prolonged  heating  is  to  be 
avoided,  as  with  some  greases  so  doing  reduces  the  stiffness 
very  considerably. 

Hot-neck  Grease.  Take  20  Ibs.  of  soap,  cut  in  thin  flakes, 
and  dry  it.  Then  take  30  Ibs.  filtered  cylinder  oil,  and  30 
Ibs.  '910  petroleum  oil.  Mix  the  two  together,  and  heat  to 
240°  F.  Then  add  the  soap  and  stir  well,  maintaining  the 
heat  until  the  soap  and  oil  have  amalgamated,  when  the 
mixture  may  be  allowed  to  cool  down.  When  cold  it  will 
be  found  to  be  stiff. 

Cup  or  Motor  Grease.  Take  5  Ibs.  of  good  hard  tallow 
soap,  cut  it  into  chips  and  allow  these  to  dry.  Heat  80  Ibs. 
of  903-907  engine  oil  to  240°  F. ;  add  little  by  little  the  dried 
soap  chips  and  keep  the  whole  at  240°  F.  until  the  soap  has 
become  dissolved  in  the  oil,  then  allow  the  mixture  to  cool. 

Axle  Grease  for  Wood.  Take  2  gallons  of  "  medium " 
rosin  oil,  and  stir  in  5  Ibs.  of  quicklime,  slaked  with  2  gallons 
of  water.  Then  stand  for  12  hours,  or  until  the  next  day. 
Pour  off  any  water  that  may  separate.  Then  stir  in  5 
gallons  of  coal  tar  grease  oil  and  5  Ibs.  of  powdered  black 
lead.  Generally  it  will  be  found  sufficient  to  mix  the 
materials  cold,  but  a  little  heating  will  make  a  more  homo- 
geneous grease. 


MANUFACTURING   EECIPES.  279 

Loco  Grease.  A  common  kind  of  loco  grease  can  be 
made  from  60  Ibs.  Yorkshire  grease  mixed  with  20  Ibs. 
summer  dark  oil,  and  heated  with  6  Ibs.  quicklime,  slaked 
with  2  gallons  of  water.  The  best  loco  grease  is  made  from 
palm  oil,  tallow,  seal  oil,  and  soda  crystals.  The  soda 
crystals  are  dissolved  in  about  an  equal  weight  of  water, 
and  then  stirred  into  a  melted  mixture  of  the  fats.  The 
proportions  used  are  varied  according  to  the  different  seasons 
of  the  year.  In  summer  a  stiffer  grease  can  be  used  than  in 
winter.  This  variation  is  attained  by  using  more  palm  oil 
and  soda  crystals  in  summer  than  in  winter,  while  it  is  the 
custom  to  add  a  little  sperm  or  seal  oil  in  winter.  The 
proportion  may  be  varied  to  some  extent.  Too  much  soda 
should  be  avoided,  as  any  excess  tends  to  make  the  grease 
hard.  A  good  proportion  is  50  Ibs.  tallow,  28  Ibs.  palm  oil, 
2  Ibs.  sperm  or  seal  oil,  and  12  Ibs.  soda  crystals.  Another 
mixture  is  40  Ibs.  tallow,  40  Ibs.  palm  oil,  4  Ibs.  whale  oil,  and 
12  Ibs.  soda  crystals,  the  latter  being  dissolved  in  an  equal 
weight  of  water. 

Eosin  Grease.  Take  10  Ibs.  quicklime,  slake  well  with 
water  and  sieve  free  from  grit,  stir  into  30  Ibs.  "  hard  "  rosin 
oil,  and  allow  to  stand  for  12  hours.  By  using  20  Ibs. 
"hard"  and  10  Ibs.  "soft"  rosin  oils  a  thinner  grease  will 
be  got. 

By  heating  rosin  grease  with  rather  more  oil  than  is 
given  in  the  above  recipe  a  clear,  transparent,  jelly-like  mass 
or  grease  can  be  got. 

Equal  parts  of  "hard"  oil  and  slaked  lime  give  a  hard, 
granular  grease,  which  cannot  well  be  softened  down  by  the 
addition  of  more  rosin  oil.  Not  less  than  two  parts  of 
"  hard  "  oil  to  one  of  slaked  lime  is  required  to  give  a  grease 
of  a  good  consistence.  With  "  medium  "  oil  1J  of  oil  to  1  of 
slaked  lime  gives  a  grease;  with  "soft"  oil  only  a  thin 
grease  can  be  got.  If  larger  proportions  of  oil  than  those 
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mentioned  be  used,  thin  pasty  greases  are  obtained.     Much, 
however,  depends  on  the  quality  of  the  oil  which  is  used. 

Tram  Grease.  A  fine  grease  is  made  from  10  Ibs.  "  hard  " 
rosin,  10  Ibs.  885  mineral,  oil,  and  10  Ibs.  slaked  lime. 

Axle  Grease.  Melt  together  14  Ibs.  palm  oil,  22  Ibs. 
anthracene  oil,  10  Ibs.  rosin  oil,  and  1  Ib.  soap,  keeping  the 
mixture  heated  until  a  clear,  transparent  mass  is  obtained, 
then  allow  to  cool. 

Solidified  Oil.  Under  this  name  are  sold  products  derived 
from  petroleum  and  Scotch  shale  oils,  which  may  be  regarded 
as  greases.  To  make  them  take  50  Ibs.  of  885-90  mineral 
oil,  heat  to  180°  F.,  then  throw  in  half  a  pound  of  soap  cut 
into  fine  chips  and  dried  as  much  as  possible  by  exposure  to 
the  air;  the  heating  is  kept  on  until  the  soap  is  entirely 
dissolved  in  the  oil,  when  the  mixture  may  be  allowed  to 
cool  down. 

Hot-neck  Grease.  A  common  hot-neck  grease  can  be 
made  from  5  Ibs.  wool  pitch,  20  Ibs.  brown  grease,  30  Ibs. 
hard  rosin  oil,  40  Ibs.  dark  cylinder  oil,  and  5  Ibs.  dry  slaked 
lime,  heated  together  until  a  homogeneous  mass  is 
obtained. 

Colliery  Grease.  50  Ibs.  rosin  oil,  40  Ibs.  grease  oil,  30 
Ibs.  dark  cylinder  oil,  5  Ibs.  Yorkshire  grease  are  mixed  with 
20  Ibs.  slaked  lime. 

Mica  Grease.  50  Ibs!  rosin  oil,  50  Ibs.  890-95  Scotch 
shale  oil,  20  Ibs.  French  chalk,  and  20  Ibs.  slaked  lime  are 
stirred  together. 

Plumbago  Lubricant.  20  Ibs.  slaked  lime,  70  Ibs.  "hard" 
rosin  oil,  70  Ibs.  anthracene  oil,  and  20  Ibs.  plumbago  are 
stirred  together  in  the  usual  way. 

These  are  a  few  of  the  many  recipes  which  could  be  given. 
They  will  serve  to  show  on  what  lines  to  work  in  making 
greases. 

In   a  book  on  Compounding  Oils,  Greases,   etc.,  issued  by 
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"the  same  publishers  as  this  book,  will  be  found  much  useful 
information  on  making  greases,  blending  oils,  etc. 

ANALYSIS  AND  TESTING  OF  GREASES. 

Analysis  of  greases  to  ascertain  the  character  and  nature 
<of  the  various  constituents  is  one  of  a  most  difficult  char- 
acter, and  requires  on  the  part  of  the  analyst  a  very  full 
knowledge  of  all  the  substances  which  may  be  used  in  the 
preparation  of  greases,  and  also  requires  a  good  knowledge  of 
the  methods  by  which  greases  are  made.  It  is  not  possible 
to  draw  up  a  general  scheme  by  following  which  any  kind  of 
grease  may  be  tested ;  that  given  underneath  may  be  taken 
•as  a  type  of  a  general  mode  of  working,  but  the  analyst  must 
be  prepared  to  devise  his  own  method,  according  to  the 
•character  of  the  results  he  is  obtaining. 

Greases  vary  in  character  from  simple  to  most  complex. 
'They  may  contain  : — 

Water. 

Soap. 

Free  alkalies. 

Inert  mineral  matter. 

Fatty  oil. 

Mineral  oil. 

Pitch. 

Coal  tar  oil. 

Eosin  oil,  etc. 

WATEE.  The  amount  of  water  in  a  sample  of  grease 
may  be  estimated  by  taking  5  grammes  in  a  procelain  crucible, 
and  putting  it  in  an  air  oven  at  about  220°  F.  until  it  ceases 
to  lose  weight.  The  loss  of  weight  may  be  taken  as  the 
amount  of  moisture  in  the  grease. 

MINEEAL  MATTEE.  The  residue  left  in  the  crucible  after 
the  determination  of  the  moisture  may  be  heated  in  the 
TBunsen  burner  until  all  combustible  matter  has  been  burnt 
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off.  The  residue  is  the  mineral  matter  present  in  the  greaser 
and  this  now  may  be  inquired  into.  The  substances  most 
likely  to  be  present  are  sodium  compounds  and  lime,  calcium 
sulphate,  barium  sulphate,  mica,  and  French  chalk.  The 
residue  should  be  treated  with  dilute  hydrochloric  acid, 
which  will  dissolve  out  the  sodium  compounds  and  the 
lime.  The  other  constituents  just  named  will  remain  behind, 
being  insoluble  in  the  acid,  and  they 
can  be  filtered  off.  To  the  acid  solu- 
tion may  be  added  first  a  little  am- 
monia chloride  and  then  ammonia  (if 
a  faint  precipitate  of  alumina  be  ob- 
tained it  may  be  neglected).  To  the 
solution  is  then  added  some  am- 
monium oxalate  ;  if  a  white  precipitate 
forms  it  indicates  the  presence  of 
lime  in  the  grease.  This  precipitate 
may  be  filtered  off  and  the  solution 
boiled  down,  when  it  will  give  a  bright 
yellow  colour  to  the  Bunsen  flame  if 
there  be  any  sodium  compounds  pre- 
sent. Any  inert  mineral  matter  which 
may  be  present  in  the  grease  will 
remain  in  the  portion  insoluble  in  the 
acid,  and  this  is  best  determined  by 
an  examination  of  its  characteristics. 
If  it  be  French  chalk  then  it  will  have  a 
soft,  smooth  feel,  if  it  be  mica  the  particles  will  be  more  or 
less  flaky  and  silvery,  if  it  be  calcium  sulphate  it  will  give  a 
reddish  colour  to  the  Bunsen  flame,  while  if  it  be  barytes 
then  the  Bunsen  flame  will  be  coloured  light  green. 

FREE  OIL. 

Greases  contain  a  large  quantity  of  oil  or  oily  matter 
of  various  kinds  in  the  free  condition.     This  is  best  deter- 
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mined  by  extraction  in  a  Soxhlett  fat  extraction  apparatus. 
This  apparatus  consists  of  three  parts :  first  a  flask,  second 
a  Soxhlett  fat  tube  which  is  shown  in  Figure  63,  and  third 
a  vertical  Liebig's  condenser — these  three  pieces  being  con- 
nected together  in  the  above  order  as  shown  in  Figure  64.. 
The  grease  to  be  treated  is  weighed,  10  grammes  in  a 
piece  of  filter  paper.  It  is  then  placed  in  the  Soxhlett  tube, 
a  quantity  of  petroleum  ether  is  poured  into  the  flask,  which  is 
tKen  connected  with  the  Soxhlett  tube  and 
this  again  with  the  condenser,  the  flask 
being  placed  in  a  water  bath.  On  heating 
the  latter  the  ether  is  caused  to  vaporise 
and  pass  into  the  condenser,  whence  it 
flows  back  into  the  Soxhlett  tube,  where  it 
accumulates  and  exerts  its  solvent  power 
upon  the  free  oil  in  the  grease.  When  the 
quantity  of  ether  has  accumulated  to  such 
an  extent  as  to  rise  above  the  level  of  the 
syphon  tube,  it  begins  to  run  off  to  the 
flask  below  with  the  oil  which  it  has  dis- 
solved. The  ether  is  volatilised  again  and 
accumulates  again  in  the  Soxhlett  tube, 
extracting  a  further  quantity  of  grease,  after 
which  it  is  ready  to  pass  through  the  same 
cycle.  Generally  it  takes  about  one  to  one 
and  a  half  hours  to  fully  extract  the  free  Pl£06ApPptSuf  °~ 
oil  from  a  sample  of  grease.  The  ethereal 
solution  is  run  into  a  weighed  glass,  the  ether  evaporated, 
first  in  a  water  bath,  finally  in  an  air  bath,  and  the  residual 
grease  weighed,  when  it  is  ready  for  further  examination. 
It  should  be  examined  for  free  acid  which  would  tend  to 
indicate  the  use  of  Yorkshire  grease.  For  saponifiable  fat 
and  for  any  unsaponifiable  fat  or  oil  which  may  be  present, 
the  methods  for  such  tests  are  described  in  the  chapter  on 
Oil  Testing. 
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The  residue  which  is  left  in  the  filter  paper  in  the 
Soxhlett  tube  will  contain  any  soap  which  is  present  in 
the  grease,  together  with  all  mineral  matter,  which  should 
be  examined  and  the  quantity  of  soap  determined  by  decom- 
posing it  with  dilute  hydrochloric  acid,  separating  the  fatty 
matter,  from  the  amount  of  which  the  corresponding  amount 
of  soap  may  be  deducted.  The  character  of  the  fatty  matter 
can  be  obtained  from  an  examination  of  it. 


CHAPTER  VIII. 

LUBKICATION. 

WHEN  two  surfaces  are  caused  to  rub  one  upon  the  other, 
friction  is  generated  to  a  greater  or  less  extent.  This  fric- 
tion, when  it  occurs  in  a  machine,  is  bad,  because  it  leads 
to  excessive  wear  of  the  working  parts  of  the  machine,  and 
if  allowed  to  go  on  is  likely  to  lead  to  other  evils,  distortion 
of  the  machinery,  breaking  down,  etc.  It  is  the  object  of 
all  machine  users  to  keep  this  friction  down  to  the  lowest 
possible  point.  It  is  not  possible  to  reduce  it  altogether, 
but  it  can  and  should  be  kept  down  to  a  minimum  amount. 
To  reduce  this  friction,  what  are  called  lubricants  are  applied 
between  the  rubbing  surfaces,  and  of  all  bodies  which  are 
capable  of  being  used  for  this  purpose,  the  oils  described  in 
previous  chapters  give  the  most  satisfactory  results. 

Lubricants  should,  according  to  most  modern  writers  on 
the  subject,  possess  the  following  properties : — 

1.  Enough  viscosity  or  body  to  keep  the  surfaces  from 
coming  into  contact  under  the  maximum  pressure  which 
may  be  applied  to  them. 

Theoretically,  if  friction  results  from  the  rubbing  of  two 
surfaces  together,  and  if  it  is  wanted  to  reduce  this,  then 
steps  ought  to  be  taken  to  keep  the  two  surfaces  apart. 

It  is  obvious  that  this  is  practically  impossible,  but  if  we 
can  introduce  between  them  a  body,  like  an  oil,  which  has 
sufficient  adhesive  power  to  adhere  to  the  surfaces,  and  but 

little  cohesive  power  in  itself,  then  there  would  be  two  films 
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of  lubricant  between  the  surfaces,  and  the  friction  which 
•occurs  will  take  place  betwreen  these  two  films.  Probably 
there  is  really  a  layer  of  oil  between  these  two  films,  and  the 
lubrication  is  effected  by  the  motion  of  the  particles  of  this 
layer  among  themselves.  Viscosity  or  body,  therefore,  is  a 
property  of  oils  which  is  really  dependent  on  two  factors — 
the  cohesion  of  its  particles  together,  which  prevents  them 
being  forced  asunder  by  pressure ;  the  adhesion  which  it  has 
for  other  bodies,  which  enables  it  to  adhere  to  the  rubbing 
surfaces  under  any  pressure. 

Bodies  may  possess  great  cohesive  force  but  very  little 
adhesive  tendency — mercury,  for  example.  These  are  inad- 
missible as  lubricants.  There  are  bodies  which  have  opposite 
properties — water  may  be  taken  as  an  example — and  although 
they  are  more  useful  as  lubricants  than  the  first-mentioned, 
yet  are  not  wholly  satisfactory  as  lubricants. 

2.  To  have  as  much  fluidity  as  is  consistent  with  the 
foregoing  requirement. 

Fluidity  is  an  essential  condition  for  a  perfect  lubricant, 
for  it  is  only  fluids  that  possess  at  once  that  adhesive  property 
above  spoken  of  with  the  facility  of  motion  of  their  own 
particles  that  will  prevent  friction.  Although  solids  may 
have  adhesive  properties,  yet  it  takes  a  considerable  amount 
of  power  to  destroy  the  cohesive  force  which  binds  their 
particles  together. 

3.  A  great  capacity  for  storing  and  carrying  away  heat. 
In  other  words,  the  property  of  keeping  a  bearing  cool. 

4.  A  high  temperature  of  decomposition  or  of  evaporation 
and  a  low  solidification  temperature. 

These  are  important  essentials.  It  is  obvious  that  a 
body  cannot  be  used  as  a  lubricant  which  would  be  liable  to 
decompose  at,  say,  100°  C.,  and  probably  into  constituents 
which  might  injure  the  machine.  Again,  when  a  body 
becomes  solid,  it  loses  its  lubricating  properties  in  a  great 
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degree.  Hence,  although  coconut  oil  is  a  good  lubricant  at 
high  temperatures,  yet  it  cannot  be  used  at  ordinary  tem- 
peratures because  of  its  becoming  solid. 

5.  Freedom  from  tendency  to  decompose  or  oxidise  by 
exposure  to  air ;  or,  in  other  words,  free  from  the  liability  to 
gum  or  clog  the  bearings. 

6.  Freedom  from  acidity  and  from  any  tendency  to  cor- 
rode the  metal  of  the  bearings  to  which  the  oil  is  applied. 

These  last  two  conditions  will  be  dealt  with  presently. 
The  hydrocarbon  oils  are  the  only  kind  which  satisfies  the 
above  conditions  in  the  greatest  degree. 

Lubrication  of  machinery  is  divisible  into  two  sections  : — 

(A).  Lubrication  under  ordinary  atmospheric  conditions, 
which  includes  the  lubrication  of  all  machines,  shafting, 
.steam  engines,  etc. 

(B).  Lubrication  at  high  temperatures  and  in  contact  with 
steam,  which  includes  the  lubrication  of  steam  and  gas  engine 
cylinders  and  valves. 

In  dealing  with  these  subjects  it  will  be  necessary  to 
repeat  in  another  form  what  has  already  been  said  in  previous 
chapters.  This  will  be  done  for  the  sake  both  of  clearness  and 
giving  a  more  complete  review  of  the  subject  of  lubrication. 

(A).  LUBRICATION  UNDER  ORDINARY  ATMOSPHERIC 
CONDITIONS. 

The  action  of  the  atmosphere  on  oils  is  the  first  point 
to  be  considered  in  connection  with  their  use  as  lubricants. 
To  some  extent  what  this  action  is  will  have  been  inferred 
from  what  has  already  been  said  about  the  properties  of  oils 
in  previous  chapters,  but  it  will  be  well  to  repeat  in  a  more 
definite  form  the  salient  points  of  this  important  subject. 

The  atmospheric  agencies  which  act  destructively  on  oils 
are  two,  viz.,  oxygen  and  water.  Some  other  influences, 
such  as  heat,  have  some  action  on  oils  in  special  places,  but 
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as  these  are  of  exceeding  rare  occurrence  we  can  leave  them 
out  of  account. 

The  oils,  being  spread  over  the  bearings  in  an  exceedingly 
thin  film,  offer  a  great  surface  for  the  action  of  these  de- 
structive agencies. 

Oxygen  acts  upon  all  the  fixed  or  fatty  oils  to  a  greater  or 
less  extent.  Some,  like  linseed,  hemp  seed,  and  a  few  other 
oils,  are  greatly  affected,  while  others,  like  sperm  oil,  olive,, 
lard,  are  not  much  altered.  The  absorption  of  oxygen  by 
oils  leads  to  the  formation  of  a  hard,  dry,  resinous  mass, 
which  sticks  to  the  bearings,  and  the  formation  of  this  mass- 
is  the  cause  of  the  "  gumming,"  as  it  is  technically  called,  of 
oils.  On  this  account  those  oils  which  possess  this  property 
in  only  a  slight  degree  are  to  be  preferred  as  lubricants. 
Those  oils  which,  like  linseed,  dry  up  entirely  are  absolutely 
useless  as  lubricants,  although  this  very  property  gives  them 
value  to  the  painter ;  while  other  oils  which,  like  cotton  or 
whale  oils,  do  not  dry  up  entirely,  but  become  simply  thick 
and  viscid,  are  not  admissible  for  this  purpose.  Oxygen 
does  not  act  on  the  hydrocarbon  oils  at  all,  and  mixing  a  fat 
with  a  hydrocarbon  oil  to  some  extent  prevents  the  gumming 
due  to  the  former. 

The  absorption  of  oxygen  by  oils  leads  to  the  development 
of  heat.  This  is  greatest  when  the  absorption  is  greatest.. 
When  a  little  linseed  oil  is  poured  over  a  lump  of  cotton  the 
amount  of  surface  exposed  is  very  great,  and  consequently 
the  action  of  the  oxygen  is  great  also.  The  heat  that  is 
developed  may  rise  so  high  that  the  cotton  will  become 
charred,  and  not  infrequently  burst  into  flames. 

This  spontaneous  combustion  of  oily  cotton  is  a  feature 
of  great  interest  in  the  use  of  oils  in  textile  mills.  In  these 
there  are  always  large  masses  of  cotton,  wool,  etc.,  lying  about 
in  heaps  or  covering  the,  machine  as  fluff.  Should  these 
become  covered,  accidentally  or  otherwise,  with  oil,  and  other 
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conditions  are  favourable,  then  the  oxidation  of  the  oil  may 
go  on  so  rapidly  and  to  such  an  extent  that  the  fibre  will 
burst  into  flame,  and  a  fire  is  the  result.  Now,  it  has  been 
found  that  only  the  fatty  oils  have  this  property  of  causing 
spontaneous  combustion ;  the  hydrocarbon  oils,  having  no 
property  of  absorbing  oxygen  and  combining  with  it,  cannot 
cause  spontaneous  combustion ;  and,  further,  it  has  been 
shown  by  Gellatly  and  others  that  mixing  hydrocarbon  with 
fat  oils  prevents  the  latter  giving  rise  to  the  spontaneous 
combustion  of  fibrous  bodies. 

Thus  Gellatly  obtained  the  following  results  by  saturating 
a  handful  of  cotton  waste  with  various  oils,  wringing  well  to 
get  rid  of  superfluous  oil,  then  placing  the  oily  waste  in  a 
chamber  kept  at  a  temperature  of  about  170°  F.,  at  which, 
as  we  have  shown,  oxidation  begins. 

Boiled  linseed  oil.  One  sample  fired  in  75  minutes, 
another  in  105  minutes. 

Raw  linseed  oil.  Two  samples  fired  in  4  and  5  hours 
respectively. 

Rape  oil.  Sample*  put  up  at  night  was  found  to  have 
been  wholly  consumed,  box  and  waste,  by  next  morning. 

Olive  oil.  Two  samples  fired  in  5  and  6  hours  re- 
spectively. 

Lard  oil  fired  in  4  hours. 

Seal  oil  fired  in  100  minutes. 

Sperm  oil  refused  to  ignite  or  to  char  the  waste. 

Mineral  oils  absolutely  refused  to  ignite,  and  mixtures  of 
80  rape  and  20  mineral,  and  of  50  seal  and  50  mineral, 
did  not,  when  placed  in  a  warm  chamber,  develop  a  tem- 
perature sufficient  to  char  the  cotton. 

It  would  be  well  therefore  for  textile  manufacturers  to  use 
either  pure  hydrocarbon  oils  or  mixed  oils,  and  for  insurance 
companies  to  see  that  no  other  oils  are  used.  Then  no  risks 

would  be  run  of  fires  from  the  spontaneous  combustion  of 
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oily  fibrous  materials ;  for  there  is  no  doubt  that  many 
textile  mill  fires  have  had  their  origin  in  this  manner. 

Moisture  acts  somewhat  differently  on  the  two  kinds  of 
oils — on  the  fatty  oils  it  leads  to  the  splitting  up  of  the  oils 
into  their  two  constituent  parts,  the  base  glycerine  and  the 
peculiar,  fatty  acids  of  the  oil. 

The  former  is  a  neutral  body  and  has  no  corroding  action 
on  the  metal,  neither  has  it  any  lubricating  properties.  The 
fatty  acids  have  a  strong  corrosive  action  on  the  metal  of 
the  machinery.  They  chemically  combine  with  it,  forming  a 
kind  of  greasy  soap  which  settles  in  cakes  on  the  machinery 
and  which  leads  to  a  rapid  and  mostly  an  unequal  wear  and 
tear  of  the  machinery.  These  fatty  acids  have  a  much 
stronger  action  on  brass  and  copper  than  on  iron. 

This  decomposing  action  of  moisture  is  much  aided  by 
heat.  Hence,  when  fatty  oils  are  used  for  lubricating 
machinery  in  warm  and  moist  places,  there  is  a  great 
tendency  for  the  machinery  to  "gum"  and  for  the  bearings 
to  be  corroded.  It  would  be  advisable  not  to  use  a  fatty  oil 
in  such  places,  or  to  use  one  which  originally  contains  any 
or  much  free  acid. 

Hydrocarbon  or  mineral  oils,  being  perfectly  neutral 
bodies,  are  not  decomposed  by  water  in  any  way  ;  indeed 
they  undergo  no  change  whatever  when  exposed  to  the 
atmospheric  influences  to  which  they  are  subjected  when 
used  for  lubricating  machinery. 

Friction  in  a  machine  is  caused  by  the  rubbing  of  its 
working  parts  over  one  another.  It  is  greatest  in  a  badly 
constructed,  roughly  put  together  machine,  and  is  least 
in  well-finished  machines  where  the  journals,  bearings,  and 
other  rubbing  surfaces  have  been  well  polished,  and  it 
is  greater  in  a  new  than  an  old  machine ;  it  is  generally 
in  such  machines  the  sole  loss  of  power,  and  so  it  is  desir- 
able to  keep  it  down  as  low  as  possible.  In  a  machine  well 
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lubricated  there  is  friction  due  to  the  solid  working  parts  of 
the  machine  and  fluid  friction  due  to  the  lubricant  used. 

The  friction  of  solids  is  of  two  kinds,  sliding  friction  and 
rolling  friction.  Sliding  friction  occurs  when  one  flat  surface 
slids  over  another  flat  surface ;  its  amount  is  dependent 
upon  the  character  of  the  surfaces,  being  least  with  smooth, 
greatest  with  rough  surfaces ;  it  increases  or  decreases  with 
an  increase  or  decrease  in  the  pressure.  The  material  of  the 
rubbing  surfaces  also  has  some  influence,  the  friction  on  soft 
wood  is  greater  than  on  hardened  steel.  Rolling  friction 
occurs  when  one  revolving  surface  rolls  on  another  surface 
either  flat  or  curved;  its  amount  is  dependent  on  the 
pressure,  speed,  and  condition  of  the  rolling  surfaces. 

Fluid  friction  is  qujte  different  in  its  origin,  and  is  there- 
fore subject  to  different  laws  than  what  pertain  to  the  friction 
of  solids.  The  friction  of  fluids  is  quite  distinct  from  the 
friction  of  solids ;  it  occurs  when  a  mass  of  fluid  flows 
through  another  mass  of  fluid,  and  its  amount  depends  very 
greatly  upon  the  relation  in  the  masses  of  the  fluids  and 
their  position.  When  a  fluid  flows  through  a  pipe  it  is 
found  that  the  fluid  in  immediate  contact  with  the  sides  of 
the  pipe  flows  very  slowly,  its  motion  being  retarded  by 
contact  with  the  pipe.  At  the  centre  the  motion  is  quickest, 
and  it  gradually  decreases  towards  the  sides,  where  it  is 
slowest ;  the  same  thing  happens  when  a  mass  of  fluid  flows 
through  another  mass  of  fluid,  which  forms  the  bounding 
surface  at  which  the  friction  which  occurs  causes  the 
speed  of  flow  to  be  less  than  in  the  centre  or  point 
farthest  removed  from  the  surfaces  of  contact  of  the  two 
fluids. 

The  friction  of  fluids  is  independent  of  the  pressure  to 
which  they  may  be  subjected,  is  proportioned  to  the  area 
of  the  surface  of  friction,  varies  with  the  velocity,  but  is 
independent  of  the  nature  of  the  surfaces  with  which  it  is  in 
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contact,  although  the  degree  of  roughness  of  those  surfaces 
has  some  influence  on  the  amount  of  friction. 

It  varies  with  different  fluids  according  to  their  density 
and  relative  viscosity. 

The  friction  of  a  lubricated  surface  is  a  compound  one, 
part  being  due  to  the  lubricant  and  part  due  to  the  rubbing 
surfaces.  When  well  lubricated  it  obeys  the  laws  of  fluid 
friction  to  a  great  extent.  On  the  other  hand,  a  badly 
lubricated  surface  is  governed  by  the  laws  of  solid  friction. 
With  very  heavy  pressures  and  slow  speeds,  the  moving 
part  and  its  bearing  are  forced  into  close  contact,  and  there 
is  a  considerable  wear  of  the  surfaces,  while  in  the  case  of  light 
pressures  and  high  velocities,  such  as  are  met  with  in  the 
spindles  of  a  spinning  frame,  the  moving  surface  floats  on  a 
film  of  the  lubricant,  and  the  friction  thus  occurs  between  two 
layers  of  fluid,  one  in  contact  with  each  surface.  These  cases 
represent  the  extreme  limits  met  with  in  the  lubrication  of 
machinery,  one  limit  being  that  of  purely  solid  friction 
where  great  friction  and  resistance  are  met  with,  the  other 
where  the  friction  and  resistance  are  entirely  due  to  the 
fluid  lubricant,  and  which  generally  separates  completely 
the  surfaces  of  the  solids. 

The  factors  which  govern  the  selection  of  a  lubricant  for 
particular  purposes  are  speed,  pressure,  temperature. 

1.  Speed.  This  is  a  most  important  factor  in  guiding 
consumers  in  selecting  oils  for  lubricating  a  machine.  The 
rule  is  a  very  simple  one,  the  quicker  the  speed  the  thinner 
and  lighter  is  the  oil  that  is  required.  If  an  oil  with  a  great 
viscosity  were  used  for  lubricating  spindles,  for  instance, 
which  revolve  at  from  6,000  to  8,000  revolutions  per  minute, 
the  cohesive  force  which  holds  the  particles  of  oil  together  is 
too  great  and  cannot  be  overcome  with  sufficient  rapidity  at 
the  speed  of  revolution,  and  so  a  certain  amount  of  friction 
is  introduced  which  tends  to  reduce  the  speed  of  the  spindle, 
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which  is  not  desirable.  On  the  other  hand,  with  a  slow 
motion  an  oil  that  would  give  good  results  when  used  on  a 
spindle  would  fail,  because  it  would  not  have  sufficient 
viscosity  to  remain  on  the  bearings. 

2.  Pressure.      This  is  equally  as  important  a  factor  as 
speed.     Where  the  pressure  is  light,  as  in  the  foot-steps  of 
spindles,  bearings  of  small  levers,  a  light  oil  of  low  viscosity 
is  required,  and  will  be  found  sufficient  to  keep  the  surfaces 
apart  and  prevent  friction.      With  heavy  pressures,  as  on 
engine  shaft  bearings,  the  bearings  of  calender  bowls,  etc.,  a 
heavy,  high  viscosity  oil  is  required ;   one  which  has  great 
cohesive  and  adhesive  properties  is  especially  required,  so 
that  it  cannot  be  pressed  out  from  between  the  bearings 
under  the  heaviest  pressure  to  which  it  is  subjected. 

Speed  and  pressure  are  intimately  connected.  High  speeds 
are  nearly  always  associated  with  low  pressures,  and  vice 
versa.  High  pressures  are  nearly  always  combined  with 
slow  speeds,  although  there  is  much  variety  of  conditions  of 
speed  and  pressure  under  which  a  machine  can  be  worked. 

3.  Temperature.     This  is  also  an  important  factor  to  be 
considered  in  selecting  oils.     An  oil  that  would  work  satis- 
factorily  in   a   cold    place    would    not    give    equally   satis- 
factory results  in  a  hot  room.     The  heat  would  cause  the  oil 
to  lose  some  of  its  viscosity  and  to  flow  too  freely  from  the 
bearings,  and  hence  not  lubricate  them  properly.     In  hot 
places  a  more  viscous  oil  can  be  used  than  should  be  selected 
for  cold  places.     Again,  an  oil  that  is  used  in  such  places  as 
the  turning  shops  of  iron  works,  and  for  lubricating  outside 
bearings  and  motions  of  all  kinds,  should  have  a  low  setting 
point  or  cold  test.     For  such  purposes  there  are  no  better 
oils  than  the  Eussian  petroleum  oils,  which  have  low  setting 
points,  while  of  the  fatty  oils,  sperm,  rape,  and  castor  are  the 
best  for  cold  places. 

In    selecting   oils   for  the   lubrication  of  machinery  the 
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following  hints  will  serve  to  guide  consumers  and  dealers  in 
their  selection  of  a  suitable  oil : — 

Under  very  great  pressures  and  slow  speeds :  Blacklead, 
talc  mixed  with  tallow  if  in  a  warm  place,  or  with  castor  oil 
or  Russian  petroleum  oil  in  a  cold  place. 

Under  heavy  pressures  and  slow  speeds,  such  as  the 
bearings  of  engine  shafts,  calender  bowls,  crushing  mills : 
Lard,  tallow  if  used  in  warm  places,  or  castor  oil,  heavy 
American  petroleum  oils  of  910-920  gravity,  and  Russian 
petroleum  oils  in  cold  places. 

Heavy  pressures  and  high  speeds :  Rape,  olive,  and  lard 
oils  or  mixtures  of  these  with  heavy  American  oils  of  905-910 
gravity  for  warm  places ;  rape,  905-910  American  and  light 
Russian  petroleum  oils  in  cold  places. 

Light  pressures  and  high  speeds,  such  as  the  spindles 
of  textile  spinning  frames,  etc.  :  Sperm,  olive,  rape,  heavy 
Scotch  shale  oils  of  885-890  gravity,  or  mixtures  of  light 
shale  and  petroleum  oils  of  880-900  gravity  with  sperm,  rape, 
olive,  coconut,  lard,  or  other  fat  oils. 

For  shafting  and  all  other  ordinary  machinery  bearings  : 
Olive,  rape,  lard,  heavy  shale,  medium  American  petroleum 
and  the  thinner  Russian  oils,  either  alone  or  mixed  together, 
can  be  used  with  very  satisfactory  results.  In  making  the 
selection  regard  should  be  paid  to  the  average  working 
temperature  of  the  place  or  works.  A  pure  hydrocarbon  oil 
or  a  mixed  hydrocarbon  and  fat  oil  will  give  far  better  results 
than  can  be  obtained  by  using  a  pure  fat  oil. 

It  should  be  the  rule  to  use  the  thinnest  oil  that  will 
reduce  the  friction  of  the  machinery  to  the  minimum  amount, 
as  the  use  of  too  heavy  an  oil  simply  means  the  use  of  extra 
power,  which  is  not  economical.  In  those  cases,  as  in  the 
bearings  of  marine  engine  shafts,  slides  and  screw  shafts, 
where,  owing  to  incessant  use  day  after  day  without  stopping, 
there  is  considerable  tendency  to  heating,  it  will  be  found 
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best  to  use  a  pure  mineral  oil.  Give  a  very  liberal  feed, 
collect  the  surplus  oil  in  suitable  drip  tins,  allow  this  to  stand, 
or  filter  it  from  any  dirt  or  grit,  and-  use  it  again.  The 
question  arises  whether  it  would  not  be  worth  while  for 
marine  engineers  to  invent  a  form  of  hollow  bearings  through 
which  a  current  of  cold  oil  or  water  could  be  passed.  The 
former  would  be  preferable. 

A  machine  will  contain  within  itself  both  quick  and  slow 
speeds,  and  heavy  and  light  pressures ;  now  it  will  follow, 
attending  to  the  rules  laid  down,  that  to  efficiently  lubricate 
such  a  machine,  a  spinning  frame  for  instance,  a  variety  of 
oils  would  be  needed,  a  thin  oil  for  the  quickest  bearings,  a 
thick  oil  for  the  heaviest  and  slowest  bearings,  and  medium 
oils  for  intermediate  pressures  and  speeds  ;  practically  it  will 
be  found  impossible  to  carry  out  this  provision  of  oils  to  its 
fullest  extent,  as  workmen  cannot  always  be  trusted  to  use 
the  right  kind  of  oil  in  the  right  place,  but  at  least  two 
kinds  of  oil  should  be  provided — a  light  oil  for  the  quicker 
motions  and  a  heavier  oil  for  the  slower  motions. 

No  solid  oil  or  grease  should  be  used  for  lubricating 
ordinary  machinery  for  reasons  already  given.  It  is  on 
record  that  a  mill  in  America  which  used  to  be  lubricated 
entirely  by  greases  was  with  difficulty  driven  by  the  water- 
wheel  ;  replacing  the  grease  with  a  mineral  lubricating  oil  it 
was  found  that  there  was  quite  sufficient  power  to  drive  the 
machinery,  and  experiments  showed  that  it  took  25  per  cent, 
less  power  to  drive  the  machinery  with  oil  than  with  grease, 
and  the  general  temperature  of  the  machinery  was  35  less. 
Oil  dealers  are  in  the  habit  of  talking  to  their  customers  a 
good  deal  of  twaddle  about  oils,  much  of  which  arises  from 
their  ignorance  of  the  real  properties  of  oils  and  of  lubri- 
cation ;  they  will  enlarge  on  the  merits  of  having  an  oil 
of  high  flash  point,  arguing  that  it  must  be  safer  than  an  oil 
of  low  flash  point.  Well,  so  it  is,  but  flash  point  is  not 
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everything  in  oils  ;  it  may  be  accepted  that  for  ordinary 
machinery  bearings  any  oil  flashing  above  330°  F.,  and 
for  spindles  any  oil  "flashing  above  350°  F.,  is  safe  enough. 
Now,  high  flash  point  is  invariably  associated  with  high 
viscosity,  and  if  for  fast  and  light  machinery,  such  as 
spindles,  it  is  necessary  to  keep  the  viscosity  low,  then 
the  flash  point  must  be  low  too ;  in  fact  both  oil  dealers  and 
consumers  should  make  viscosity,  not  flash  point,  the  real 
crux  or  test  point  of  oils ;  the  great  objection  to  this  so  far 
has  been  the  want  of  a  standard  apparatus  for  the  determina- 
tion of  viscosities.  This,  however,  has  now  been  remedied. 

Some  dealers  have  much  to  say  about  the  body  of  their 
oils.  They  are  continually  aiming  at  having  great  body,  and 
will  offer  their  customers  for  the  lubrication  of  spindles  an 
oil  having  a  body  or  viscosity  high  enough  for  an  engine 
shaft.  This  is  pushing  the  matter  too  far  to  the  other 
extreme.  If  viscosity  or  body  is  to  be  dilated  upon,  it  should 
be  done  in  an  intelligent  manner,  and  the  viscosity  of  an 
oil  should  be  carefully  adapted  to  the  particular  purpose  for 
which  the  oil  is  to  be  used. 

Marine  engineers  have  a  fondness  for  the  oils  they  use  on 
the  slides  and  other  bearings  working  what  they  call  soapy 
or  with  a  froth,  being  under  the  opinion  that  the  bearings 
are  being  efficiently  lubricated  when  this  occurs.  This  is  a 
mistaken  notion  for  two  reasons,  because  efficient  lubrication 
can  be  got  without  soaping  or  frothing,  and  because  soaping 
and  frothing  cannot  be  got  without  the  use  of  rather  poor 
qualities  of  fat  oils. 

Oils  are  also  sold  under  a  variety  of  fancy  names.  This 
is  all  very  well,  and  there  is  no  objection  to  a  dealer  giving 
any  name  he  likes  to  his  oils.  The  great  objection  is  charg- 
ing a  fancy  price  for  such  oils,  far  beyond  their  actual  worth. 

The  production  of  stains  in  cloths  by  the  oils  used  for  the 
lubrication  of  textile  machinery  of  various  kinds  is  one  of 
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great  importance,  and  the  necessity  of  avoiding  the  produc- 
tion of  such  stains  has  led  to  the  introduction  by  dealers  of 
"stainless  oils"  for  the  lubrication  of  spinning  frames  and 
weaving  machinery.  Some  of  these  are  correctly  named, 
others  are  mere  rubbish  and  are  "  stainless  "  only  in  name. 
Oil  stains  on  cloth  arise  in  several  ways.  However  much  care 
be  taken  in  the  working  of  the  textile  machinery,  it  is  always 
impossible  to  prevent  accidental  splashes  of  the  oil  on  the 
yarn  or  cloth.  The  modern  spindle  practically  revolves  in  a 
bath  of  oil.  Some  of  this,  by  the  centrifugal  motion,  cannot 
fail,  with  many  forms  of  spindle,  to  be  thrown  on  the  yarn 
:as  it  is  being  spun.  To  prevent  this  to  a  great  extent  foot- 
step protectors  have  been  invented.  Those  made  by  Messrs. 
E.  Jagger  &  Co.  of  Oldham  are  very  efficient  in  preventing 
splashing  of  oil.  Then  in  the  loom  there  is  a  liability  of  oil 
•dropping  from  overhead  motions  on  to  the  warp  or  woven 
cloths.  These  oil  stains  are  most  undesirable,  as  they 
spoil  the  appearance  of  the  cloth.  They  must  be  got 
•out  by  some  means.  Now  it  has  been  found  that  these  oil 
stains  can  be  divided  into  two  kinds,  one  that  can  be  easily 
got  out  by  treatment  with  alkaline  liquors,  such  as  boiling 
with  solutions  of  soda  ash,  caustic  soda,  and  lime,  and 
another  kind  of  stain  that  cannot  be  got  out  by  these, 
practically  the  only  cleansing  processes  that  can  be  applied 
to  textile  fabrics.  These  fixed  stains  are  of  two  kinds,  one 
oily,  evidently  due  to  the  oil  used,  the  other  of  a  metallic— 
•chiefly  iron — origin.  The  latter  stains  have  probably  got 
•on  to  the  fabrics  in  this  way.  The  friction  of  the  machinery 
causes  the  wearing  down  and  the  production  of  a  fine 
metallic  dust  from  the  metal  of  the  bearings.  This  gets 
into  the  oil,  and,  of  course,  if  any  of  this  gets  on  the  fabrics 
the  process  of  cleansing  does  not  affect  them,  in  fact  it  tends 
to  fix  them  on  the  cloth,  while  the  oil  is  washed  away.  They 
•can  only  be  removed  by  treatment  with  acids.  As  they 
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are  derived  from  the  metal  of  the  bearings,  oils  that  are 
acid,  and  hence  liable  to  corrode  the  metal,  are  more  liable 
to  produce  them  than  pure  neutral  oils.  Iron  stains  are  red,, 
and  can  be  tested  for  in  this  way.  Treat  the  stain  with  a 
drop  of  hydrochloric  acid,  and  then  a  drop  of  a  solution  of 
ferrocyanide  (yellow  prussiate)  of  potassium,  when  a  blue 
colour,  showing  the  presence  of  iron,  will  be  obtained. 
Copper  or  brass  stains  may  be  of  various  colours — black,, 
grey,  or  greenish.  Treated  as  with  iron  stains,  they  will 
give  a  brown  colour,  or,  if  first  with  hydrochloric  acid,  then 
with  a  drop  of  ammonia,  they  will  give  a  blue  colour,  turning 
black  on  adding  a  drop  of  ammonia  sulphide. 

Mineral  oils  are  the  only  oils  that  give  a  permanent  stain 
on  fabrics.  If  a  drop  of  such  oil  gets  on  to  textile  fabrics, 
whether  it  be  a  so-called  "bloomless"  or  "stainless"  oil  or 
not,  it  cannot  be  got  rid  of  entirely.  How  much  is  got  rid 
of  depends  upon  the  length  of  time  which  elapses  between 
the  oiling  of  the  goods  and  the  cleansing  operation.  The 
longer  the  interval,  the  more  the  oil  has  the  chance  of 
penetrating  into  the  fibres  of  the  cloths  or  yarns,  and  the 
more  it  resists  the  cleansing  process.  The  only  way  of 
removing  such  stains  is  to  cover  them  with  olive  oil,  allow 
this  to  soak  well  in,  and  then  scour  with  soda  lye  in  the 
usual  way.  Even  then  it  is  sometimes  difficult  to  remove 
them  entirely.  Stains  caused  by  mixed  oils  are  removed 
more  easily,  but  it  has  been  found  by  Scheurer  that  the 
proportion  of  mineral  oil  must  not  exceed  50  per  cent,  of  the 
mixed  oil.  Even  then  it  requires  prolonged  treatment  to^ 
remove  all  the  oil.  From  which  it  will  be  seen  that  no- 
mineral  oil,  or  even  a  mixed  oil,  can  really  be  considered,  nor 
should  they  be  sold,  as  ''stainless  oils,"  although  such  is. 
done  too  often.  Some  qualities  of  these  "  stainless  oils  "  are 
very  pale  in  colour,  almost  white.  They  impart  no  or  but 
slightly  visible  stains,  and  hence  in  a  sense  justify  their 
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name.  A  lubricating  oil  containing  more  than  25  per  cent, 
of  mineral  oil  cannot  be  considered  as  a  "stainless  oil,"  be- 
cause it  is  impossible  to  ensure  the  entire  removal  of  the  oil 
stains  it  may  produce  if  it  contains  more  than  that  amount. 

Cotton  cloths  have  to  be  bleached,  and  they  pass  through 
a  very  severe  treatment  with  alkali  and  chlorine  during  the 
process.  If  any  mineral  oil  is  left  in  the  cloths  after  the 
treatment  with  alkali,  the  chlorine  attacks  it,  and  forms 
decomposition  products. 

These  are  at  first  white,  after  some  time  become  yellow, 
and  thus  spoil  the  appearance  of  the  fabrics.  Such  stains 
are  difficult  to  remove,  and  the  only  practicable  method  is  to 
saturate  them  with  olive  oil,  and,  after  soaking  for  some 
time,  boiling  with  alkaline  lyes. 

It  will  be  found  best  to  take  proper  precautions  to  prevent 
splashing  of  the  oils  from  bearings  on  to  the  cloths,  etc., 
while  they  are  being  spun  or  woven,  and  there  is  more 
chance  of  success  by  so  doing  than  by  using  nine  out  of  ten 
samples  of  stainless  oils. 

(B).  LUBRICATION  AT  HIGH  TEMPERATURES. 

The  second  part  of  lubrication  deals  with  the  lubrication 
of  steam  and  gas  engine  cylinders,  a  subject  of  great  import- 
ance to  users  of  engine  power  who,  and  especially  their 
engineers,  have  very  little  knowledge  of  the  scientific 
principles  that  underlie  the  lubrication  of  engine  cylinders, 
and  very  few  oil  dealers  are  in  a  position  to  properly  advise 
their  clients  on  this  matter. 

The  conditions  to  which  oils  are  subjected  when  used  for 
the  lubrication  of  a  cylinder  are  those  to  which  they  might 
be  subjected  under,  ordinary  circumstances,  and  which  have 
already  been  dealt  with,  and  three  new  conditions,  viz., 
heat,  pressure,  and  moisture  ;  and  these  are  the  main  factors 
to  be  considered. 
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Oils  which  are  not  altered  under  ordinary  conditions,  and 
are  therefore  efficient  lubricants  for  machinery,  are  much 
affected  by  the  increased  heat  and  pressure  to  which  they  are 
subjected,  and  to  a  greatly  increased  action  of  water  when 
used  in  steam  engine  cylinders. 

The  temperature  to  which  the  oils  are  subjected  varies 
with  the  pressure,  and  the  following  table  shows  the 
relation  of  temperature  to  pressure: — 


Thermal  Units  contained  in 

Pressure 

Approximate 
Pressures 

Temperature 
of 

One  Pound. 

above  Zero. 

above 

Steam  and 

Atmosphere. 

Water. 

Contained 

Latent  Heat  of 

in  the  Water. 

Steam. 

Lbs. 

Lbs. 

Deg. 

20 

5-5 

228-0 

230-1 

952-8 

25 

10-5 

240-1 

241-3 

945-3 

30 

15-5 

250-4 

251-9 

937-9 

35 

20-5 

259-3 

260-9 

931-6 

40 

25-5 

267-3 

268-9 

926-0 

45 

30-5 

274-4 

276-2 

920-9 

50 

35-5 

281-0 

282-8 

916-3 

55 

40-5 

287-1 

289-0 

912-0 

60 

45-5 

292-7 

294-7 

908-0 

65 

50-5 

298-0 

300-1 

904-2 

70 

55-5 

302-9 

305-0 

900-8 

75 

60-5 

307-5 

309-7 

897-5 

80 

65-5 

312-0 

314-2 

894-3 

85 

70-5 

316-1 

318-5 

891-4 

90 

75-5 

320-2 

322-6 

888-5 

95 

80-5 

324-1 

326-5 

885-8 

100 

85-5 

327-9 

330-3 

883-1 

105 

90-5 

331-3 

333-7 

880-7 

110 

95-5 

334-6 

337-2 

878-3 

115 

100-5 

338-0 

340-6 

875-9 

125 

110-5 

344-2 

346-9 

871-5 

135 

120-5 

350-1 

352-8 

867-4 

145 

130-5 

355-6 

358-4 

863-5 

155 

140-5 

361-0 

363-8 

859-7 

165 

150-5 

366-0 

368-7 

856-2 

175 

160-5 

370-8 

373-5 

852-9 

185 

170-5 

375-3 

378-2 

849-6 

195 

180-5 

379-7 

382-7 

846-5 

210 

195-5 

386-0 

389-2 

841-9 

The  effect  of  temperature  on  oils  is  first  to  cause  them  to 
become  thin  and  watery,  or,  as  the  oil  dealers  say,  attenuate  ; 
this  means  that  they  lose  much  of  their  lubricating  power, 
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and  hence  it  follows  that  those  oils  which  suffer  the  least 
loss  of  viscosity  under  the  influence  of  heat  must  be  best.. 
Oils  vary  much  in  this  respect.  Some,  like  sperm,  thin  down 
very  little  ;  mineral  oils  attenuate  very  much — the  Russian 
oils  being  the  worst  sinners  in  this  respect.  This  loss  of 
viscosity  by  heat  decreases  the  adhesiveness  of  the  oils  for 
the  hot  surfaces,  hence  there  is  more  tendency  for  hot 
surfaces  to  work  "dry"  than  for  cold  surfaces.  Experience 
has  shown  that  fat  oils  lose  very  much  of  their  adhesive 
power  by  heat,  distilled  mineral  oils  next,  and  that  a  steam- 
refined  and  filtered  natural  cylinder  oil  loses  the  least  in 
proportion.  This  is  therefore  a  more  efficient  cylinder 
lubricant  than  either  of  the  other  kinds. 

TABLE    OF   VISCOSITIES    OF    OILS. 


Temperature  —  Fahrenheit. 

70° 

100°           120° 

150° 

180° 

Castor  Oil 

1248 

487-5 

201-5 

91 

48- 

Thickened  Rape  Oil 

1370 

331-5 

279-5 

156 

78-5 

Sperm  Oil 

58-5 

36-4 

26 

19-5 

•    17 

Colza  Oil 

131 

56 

44 

32-5 

28 

Whale  Oil 

128-7 

61 

44 

28-5 

28 

Tallow  Oil 

105 

63 

45 

30 

20 

Cotton  Oil 

100 

55 

40 

25 

20 

American  885  Oil      2.93. 

68 

35 

23 

15 

14. 

American  905  Oil 

113 

44 

32-5 

19-5 

ia»* 

American  915  Oil      ** 

140 

47 

36 

21 

19-5 

Scotch  865  Oil 

32-5 

22 

18 

15-5 

13- 

Scotch  885  Oil 

58-5 

26 

22 

18 

15<5 

Scotch  890  Oil 

71-5 

39 

26 

19-5 

17 

Russian  906  Oil 

292-5  i       97-5 

56 

30 

22 

Russian  911  Oil 

462          143 

91 

82-5 

26 

Rosin  Oil,  dark 

152-5 

97-5 

38 

22 

18 

Rosin  Oil,  pale 

136-5 

49-4 

25 

18 

17 

Cylinder  Oil,  medium 

385 

255 

170 

70 

Cylinder  Oil,  pale 

405 

265 

120 

90 

Cylinder  Oil,  dark 

... 

890 

495 

230 

100 

Before  the  cylinder  oils  made  from  petroleum  oils  were 
introduced,  the  most  commonly  used  oils  and  fats  for  this 
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purpose  were  tallows,  suet,  neatsfoot  and  castor  oils.  These 
were  the  favourites  with  engineers,  although  occasionally 
other  oils  were  used.  These  and  all  fat  oils  should  never 
be  used  for  the  purpose. 

The  reason  for  this  can  be  sought  in  the  chemical  com- 
positions of  the  oil  or  fat.  These  are,  as  already  explained, 
glycerides,  and  when  they  are  brought  under  the  conditions 
present  in  a  steam  engine  cylinder,  heat,  and  pressure  in  the 
presence  of  water,  they  are  split  up  into  their  two  constituent 
parts — the  base  glycerine  and  the  fatty  acid  peculiar  to  the 
particular  fat  or  oil  used.  The  glycerine  being  volatile  in 
the  presence  of  steam  passes  away  with  the  exhaust  steam ; 
the  fatty  acid  not  being  volatile  remains  behind  in  the 
cylinders  and  settling  on  the  metal  begins  to  corrode  it, 
forming  solid  cakes  and  balls  of  a  black  greasy  substance 
consisting  of  fat  and  grease,  fatty  acid,  partly  free  and  partly 
in  combination  with  iron,  particles  of  metallic  iron.  It  is  no 
uncommon  thing  to  take  large  masses  of  this  stuff  out  of 
a  cylinder. 

This  corrosion  leads  to  pitting  of  the  working  and  other 
surfaces  of  the  cylinder ;  the  friction  and  therefore  the  wear 
of  the  rubbing  surfaces  are  increased,  which  means  an  increase 
in  the  cost  of  repairs.  It  is  no  uncommon  thing  to  take  out 
bolts  which  have  been  corroded  away  to  a  mere  thread  by 
the  action  of  the  fat  acids  which  have  been  formed  by  the 
decomposition  of  the  fats  and  oils  used.  This  evil  is 
intensified  where  suet  is  used,  for  here  the  animal  tissue 
which  is  present  in  suet  is  an  additional  source  of  trouble,  as 
it  gets  into  the  interior  of  the  cylinder  and  clogs  the  piston  in 
its  working,  besides  having  a  greater  tendency  to  cause  the 
formation  of  cylinder  grease  balls. 

It  is  evident  therefore  that  fat  oils,  such  as  tallow,  lard, 
castor  oil,  neatsfoot  oil,  are  not  suitable  for  use  as  lubricants 
for  steam  engine  cylinders,  and  their  use  should  be  abandoned. 
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When  after  using  such  oils  a  change  is  made  to  a  mineral 
cylinder  oil,  the  cakes  of  grease,  etc.,  begin  to  soften  and 
gradually  work  out,  and  the  cylinder  gets  foul  very  quickly. 
Hence  users  are  often  led  to  think  that  mineral  oils  work 
dirty  and  give  up  their  use ;  this  is  a  mistake,  the  use  of  the 
oil  should  be  persevered  in,  the  cylinder  will  gradually  become 
freed  from  the  residues  of  fatty  matter  and  then  these  oils 
work  as  clean  as  an  oil  can  be  expected  to  work.  In  gas 
engine  cylinders  the  evils  attending  the  use  of  fat  oils  which 
are  found  in  steam  engine  cylinders  are  much  intensified 
by  the  oil  being  subjected  to  greater  heat  and  to  risk  of 
burning  from  the  flame  of  the  explosion,  whereby  it  is 
subjected  to  a  burning  action  leading  to  the  partial  com- 
bustion of  the  oil,  evolving  unpleasant  odours  and  the 
deposition  of  solid  carbon  on  the  working  surface.  This 
undesirable  feature  of  the  decomposition  of  oils  is  in  addition 
to  being  split  up  into  their  base,  glycerine,  and  the  fatty 
acid,  so  that  if  fatty  oils  are  objectionable  to  use  for  steam 
engine  cylinders  they  are  still  more  objectionable  for  use  in 
gas  engine  cylinders.  In  the  hydrocarbon  cylinder  oils, 
fortunately,  the  engineer  has  a  variety  of  oils  that  are  free 
from  the  objections  attending  the  use  of  fatty  oils  for  the 
lubrication  of  engine  cylinders.  These  oils  are  obtained 
from  petroleum. 

Of  these  petroleum  cylinder  oils  there  are  three  kinds : 
1st,  dark  cylinder  oils  of  great  body  obtained  from  the 
natural  oils  by  a  process  of  distillation  to  free  them  from  the 
more  volatile  oils,  by  refrigeration  and  filtering  to  free  them 
from  paraffin  and  grit.  They  vary  in  consistency  :  some  are 
viscid  fluids,  others  are  of  a  buttery  consistency,  some  are  of 
a  dark  colour  varying  from  brown  to  black,  all  have  a  strong 
greenish  fluorescence  or  bloom ;  these  variations  are  depen- 
dent partly  on  the  quality  of  the  natural  oil  from  which  they 
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are  obtained  and  partly  on  the  process  of  refining  to  which 
they  have  been  subjected.  ^ 

These  oils  have  a  specific  gravity  0'905 ;  flash  at  from 
520°  to  600°  F. 

2nd,  filtered  cylinder  oils.  These  are  produced  by  a 
process  of  filtration  through  charcoal ;  they  are  usually  solid, 
like  vaseline  in  consistence,  melting  at  from  70°  to  80°  F., 
but  having  a  very  low  setting  point,  40°  to  50°  F.  Thejr 
have  a  marked  greenish  bloom  and  a  brownish  colour,  and 
dissolve  in  petroleum  ether  to  clear  and  pale  yellow  to  orange 
solutions,  while  the  dark  oils  form  dark  brown  solutions.. 
These  filtered  oils  vary  in  gravity  from  0'8§5  to  0'895,  and 
are  therefore  distinctly  lighter  than  the  dark  oils.  Their 
flash  points  are  lower,  500°  to  550°  F.  They  are  not  as- 
good  lubricants  as  the  dark  oils,  although  cleaner  to  work 
with. 

Cylinder  oils  should  be  free  from  paraffin  wax.  This 
body,  although  solid  at  ordinary  temperatures,  becomes  very 
thin  and  limpid  at  high  temperatures,  and  has  no  lubricating 
properties  at  all. 

3rd,  pale  cylinder  oils.  These  are  prepared  by  distillation 
from  the  residuum;  they  are  always  of  a  brownish  yellow 
colour,  fluid.  Although  used  for  the  purpose,  yet  they  have  not 
sufficient  body  to  make  them  efficient  lubricants  for  cylinders. 
These  pale  oils  usually  range  about  0'925  to  0*930  in  specific 
gravity  and  flash  at  about  430°  F.  Cylinder  oils  are  also 
sold  under  various  fancy  names,  such  as  vaseline,  vaseline 
tallow,  valvoleum,  etc.  These  are  generally  mixed  oils  either 
of  different  qualities  of  hydrocarbon  oils  or  of  hydrocarbon 
with  fat  oils ;  some  are  good,  others  bad,  many  rather  in- 
different lubricants. 

Cylinder  oils  ought  to  have  the  following  properties :  A 
high  flash  point.  This  should  never  be  less  than  500°  F.  The 
writer  is  no  advocate  of  unreasonably  high  flash  points,  as  he; 
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thinks  they  can  only  be  obtained  at  the  expense  of  losing  some 
other  valuable  property  of  the  oil.  Cylinder  oils  ought  to  lose 
little  or  nothing  when  kept  at  a  temperature  of  212°  R  for 
twenty-four  hours.  An  oil  which  loses  under  such  circum- 
stances more  than,  say,  0*5  per  cent,  ought  to  be  rejected. 
Their  viscosity  should  be  as  high  as  possible,  consistent  with 
ability  to  flow,  while  they  should  lose  as  little  as  possible  on 
heating  to  212°  F.  They  should  have  the  property  of 
adhesiveness  to  hot  metal  surfaces,  so  that  they  will  flow 
freely  over  all  the  interior  working  surfaces  of  the  cylinder 
and  valve  chamber  and  lubricate  them  properly.  There  is 
a  great  difference  in  oil  in  this  respect.  The  natural 
cylinder  oils  obtained  by  treatment  with  superheated  steam 
and  filtration  are  superior  to  the  distilled  cylinder  oils  in 
many  respects,  chiefly  because  they  do  not  lose  their 
viscosity  so  readily  on  heating.  Cylinder  oils  made  by 
mixing  fat  oils  and  hydrocarbon  oils  together  should  never 
be  used,  for  admixture  with  mineral  oils  does  not  prevent 
the  decomposition  of  the  fat  oil  into  its  baneful  consti- 
tuent, and  the  dealer  who  largely  trades  in  such  mixed  oils 
generally  uses  a  poor  quality  of  hydrocarbon  oil,  hoping 
to  conceal  its  inferiority  by  using  a  large  proportion  of 
neatsfoot  oil  or  tallow.  The  writer  has  had  samples  of 
such  oils  submitted  to  him  for  testing  which  he  would  have 
been  sorry  to  use  on  a  shaft,  let  alone  in  the  cylinder  of  a 
steam  engine. 

Gas  engine  cylinders  and  hot  air  engine  cylinders  can  be 
lubricated  much  on  the  same  lines  and  with  the  same  oils  as 
a  steam  engine  cylinder,  the  conditions  of  both  being  nearly 
identical,  a  new  condition  of  a  hotter  and  drier  temperature 
being  present.  Within  the  gas  engine  the  presence  of  flame 
in  the  cylinder  has  already  been  mentioned.  This  action 
leads  to  more  or  less  charring.  This  is  greater  with  fat  oils 

than  with  mineral  oils  owing  to  the  non-volatile  character 

20 
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of  the  former,  while  the  latter  volatilise  before  they  char. 
The  oil  par  excellence  for  lubricating  gas  engine  cylinders 
is  a  pure  hydrocarbon  oil  having  a  high  vaporising  point, 
about  260°  F.,  a  flash  point  of  430°  F.,  and  a  fire  test  of 
550°  F. 


APPENDIX  A. 


DENSITIES  CORRESPONDING  TO  BAUME'S  HYDROMETER  FOR 
LIQUIDS  LIGHTER  THAN  WATER. 


B. 

Density. 

B. 

Density. 

B. 

Density. 

B. 

Density. 

10 

1-000 

23 

0-918 

36 

0-849 

49 

0-789 

11 

0-993 

24 

0-913 

37 

0-844 

50 

0-785 

12 

0-986 

25 

0-907 

38 

0-839 

51 

0-781 

13 

0-980 

26 

0-901 

39 

0-834 

52 

0-777 

14 

0-973 

27 

0-896 

40 

0-830 

53 

0-773 

15 

0-967 

28 

0-890 

41 

0-825 

54 

0-768 

16 

0-960 

29 

0-885 

42 

0-820 

55 

0-764 

17 

0-954 

30 

0-880 

43 

0-816 

56 

0-760 

18 

0-948 

31 

0-874 

44 

0-811 

57 

0-757 

19 

0-942 

32 

0-869 

45 

0-807 

58 

0-753 

20 

0-936 

33 

0-864 

46 

0-802 

59 

0-749 

21 

0-930 

34 

0-859 

47 

0-798 

60 

0-745 

22 

0-924 

35 

0-854 

48 

0-794 

Formula  for  calculating  degree  Baume  to  actual  specific  gravity : — 


Specific  Gravity  = 


145-88 


135-88  +  °Be. 
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APPENDIX  B. 

COMPARISON  OF  DIFFERENT  THERMOMETRIC  SCALES. 


Cent 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

-40 

-40 

2 

35-6 

44 

111-2 

86 

186-8 

-39 

38-2 

3 

37-4 

45 

113 

87 

188-6 

38 

36-4 

4 

39-2 

46 

114-8 

88 

190-4 

37 

34-6 

5 

41 

47 

116-6 

89 

192-2 

36 

32-8 

6 

42-8 

48 

118-4 

90 

194 

35 

31 

7 

44-6 

49 

120-2 

91 

195-8 

34 

29-2 

8 

46-4 

50 

122 

92 

197-6 

33 

27-4 

9 

48-2 

51 

123-8 

93 

199-4 

32 

25-6 

10 

50 

52 

125-6 

94 

201-2 

31 

23-8 

11 

51-8 

53 

127-4 

95 

203 

30 

22 

12 

53-6 

54 

129-2 

96 

204-8 

29 

20-2 

13 

55-4 

55 

131 

97 

206-6 

28 

18-4 

14 

57-2 

56 

132-8 

98 

208-4 

27 

16-6 

15 

59 

57 

134-6 

99 

210-2 

26 

14-8 

16 

60-8 

58 

136-4 

100 

212 

25 

13 

17 

62-6 

59 

138-2 

101 

213-8 

24 

11-2 

18 

64-4 

60 

140 

102 

215-6 

23 

9-4 

19 

66-2 

61 

141-8 

103 

217-4 

22 

7-6 

20 

68 

62 

143-6 

104 

219-2 

21 

5-8 

21 

69-8 

63 

145-4 

105 

221 

20 

4 

22 

71-6 

64 

147-2 

106 

222-8 

19 

2-2 

23 

73-4 

65 

149 

107 

224-6 

18 

0-4 

24 

75-2 

66 

150-8 

108 

226-4 

17 

+  1-4 

25 

77 

67 

152-6 

109 

228-2 

16 

3-2 

26 

78-8 

68 

154-4 

110 

230 

15 

5 

27 

80-6 

69 

156-2 

111 

231-8 

14 

6-8 

28 

82-4 

70 

158 

112 

233-6 

13 

8-6 

29 

84-2 

71 

159-8 

113 

235-4 

12 

10-4 

30 

86 

72 

161-6 

114 

237-2 

11 

12-2 

31 

87-8 

73 

163-4 

115 

239 

10 

14 

32 

89-6 

74 

165-2 

116 

240-8 

9 

15-8 

33 

91-4 

75 

167 

117 

242-6 

8 

17-6 

34 

93-2 

76 

168-8 

118 

244-4 

7 

19-4 

35 

95 

77 

170-6 

119 

246-2 

6 

21-2 

36 

96-8 

78 

172-4 

120 

248 

5 

23 

37 

98-6 

79 

174-2 

121 

249-8 

4 

24-8 

38 

100-4 

80 

176 

122 

251-6 

3 

26-6 

39 

102-2 

81 

177-8 

123 

253-4 

2 

28-4 

40 

104 

82 

179-6 

124 

255-2 

1 

30-2 

41 

105-8 

83 

181-4 

125 

257 

0 

32 

42 

107-6 

84 

183-2 

126 

258-8 

+  1 

33-8 

43 

109-4 

85 

185 

127 

260-6 
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COMPARISON  OF  DIFFERENT  THERMOMETRIC  SCALES— 
(Continued). 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

128 

262-4 

178 

354-2 

229 

446 

280 

537-8 

129 

264-2 

179 

356 

230 

447-8 

281 

539-6 

130 

266 

180 

357-8 

231 

449-6 

282 

541-4 

131 

267-8 

181 

359-6 

232 

451-4 

283 

543-2 

132 

269-6 

182 

361-4 

233 

453-2 

284 

545 

132 

271-4 

183 

363-2 

234 

455 

285 

546-8 

133 

273-2 

184 

365 

235 

456-8 

286 

548-6 

134 

275 

185 

366-8 

236 

458-6 

287 

550-4 

135 

276-8 

186 

368-6 

237 

460-4 

288 

552-2 

136 

278-6 

187 

370-4 

238 

462-2 

289 

554 

137 

280-4 

188 

372-2 

239 

464 

290 

555-8 

138 

282-2 

189 

374 

240 

465-8 

291 

557-6 

139 

284 

190 

375-8 

241 

467-6 

292 

559-4 

140 

285-8 

191 

377-6 

242 

469-4 

293 

561-2 

141 

287-6 

192 

379-4 

243 

471-2 

294 

563 

142 

289-4 

193 

381-2 

244 

473 

295 

564-8 

143 

291-2 

194 

383 

245 

474-8 

296 

566-6 

144 

293 

195 

384-8 

246 

476-6 

297 

568-4 

145     294-8 

196 

386-6 

247 

478-4 

298 

570-2 

146     296-6 

197 

388-4 

248 

480-2 

299 

572 

147     298-4 

198 

390-2 

249 

482 

300 

573-8 

148     300-2 

199 

392 

250 

483-8 

301 

575-6 

149     302 

200 

393-8 

251 

485-6 

302 

577-4 

150     303-8 

201 

395-6 

252 

487-4 

303 

579-2 

151     305-6 

202 

397-4 

253 

489-2 

304 

581 

152     307-4 

203 

399-2 

254 

491 

305 

582-8 

153 

309-2 

204 

401 

255 

492-8 

306 

584-6 

154 

311 

205 

402-8 

256 

494-6 

307 

586-4 

155 

312-8 

206 

404-6 

257 

496-4 

308 

588-2 

156 

314-6 

207 

406-4 

258 

498-2 

309 

590 

157 

316-4 

208 

408-2 

259 

500 

310 

591-8 

158 

318-2 

209 

410 

260 

501-8 

311 

593-6 

159 

320 

210 

411-8 

261 

503-6 

312 

595-4 

160 

321-8 

211 

413-6 

262 

505-4 

313 

597-2 

161 

323-6 

212 

415-4 

263 

507-2 

314 

599 

162 

325-4 

213 

417-2 

264 

509 

315 

600-8 

163 

327-2 

214 

419 

265 

510-8 

316 

602-6 

164 

329 

215 

420-8 

266 

512-6 

317 

604-4 

165 

330-8 

216 

422-6 

267 

514-4 

318 

606-2 

166 

332-6 

217 

424-4 

268 

516-2 

319 

608 

167 

334-4 

218 

426-2 

269 

518 

320 

609-8 

168 

336-2 

219 

428 

270 

519-8 

321 

610-6 

169 

338 

220 

429-8 

271 

521-6 

322 

612-4 

170 

339-8 

221 

431-6 

272 

523-4 

323 

614-2 

171 

341-6 

222 

433-4 

273 

525-2 

324 

616 

172 

343-4 

223 

435-2 

274 

527 

325 

617-8 

173 

345-2 

224 

437 

275 

528-8 

326 

619-6 

174 

347 

225 

438-8 

276 

530-6 

327 

621-4 

175 

348-8 

226 

440-6 

277 

532-4 

328 

623-2 

176 

350-6 

227 

442-4 

278 

534-2 

329 

625 

177 

352-4 

228 

444-2 

279 

536 

330 

626-8 
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COMPARISON  OF  DIFFERENT  THERMOMETRIC  SCALES— 
(Continued). 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

331 

628-6 

339 

643 

347 

657-4 

355 

671-8 

332 

630-4 

340 

644-8 

348 

659-2 

356 

673-6 

333 

632-2 

341 

646-6 

349 

661 

357 

675-4 

334 

634 

342 

648-4 

350 

662-8 

358 

677-2 

335 

635-8 

343 

650-2 

351 

664-6 

359 

679 

336 

637-6 

344 

652 

352 

666-4 

360 

680-8 

337 

639-4 

345 

653-8 

353 

668-2 

338 

641-2 

346 

655-6 

354 

670 

APPENDIX  C. 

TABLE  OF  SPECIFIC  GRAVITIES  OF  FATTY  OILS  AT  15°  C.  (60°  F.). 


Weight  of 
1  gallon. 

Trade  Weight 
per  gallon. 

Almond  Oil      ....         . 

0-919 

9  Ib  3  oz 

9     Ib 

Arachis  (Ground  Nut)  Oil     .     . 
Castor  Oil  ... 

0-920 
0-964 

9  „  3 
9       9* 

Coconut  Oil     

0-925 

9  „  4 

2     »> 

Cotton  Seed  Oil  

0-923 

9  „  4 

91 

Linseed  Oil          ... 

0-932 

9  „  5* 

of    ' 

Olive  Oil     

0-915 

9  „  2A 

9      ", 

Palm  Oil     

0-940 

9  „  6 

Rape  Oil     

0-914 

9  „  2 

9 

Sesame  Oil      

0-923 

9  „  4 

9J    „ 

Lard  Oil     

0-912 

9  ,    2 

9 

Tallow  Oil  

0-912 

9  „  2 

9      „ 

Neatsfoot  Oil  .     . 

0-914 

9  .    2* 

9 

Tallow   

0-940 

9  „  6 

Sperm  Oil  

0-883 

8  ,,14 

8|    , 

Whale  Oil  

0-925 

9   „  4 

91    , 

Mineral  Oil     

0-875 

8  ,,12 

4 

Mineral  Oil     

0-903-7 

9  „  1 

9      „ 

Mineral  Oil     

0-925 

9       4 

9 

In  the  summaries  of  the  constants  given  under  each  oil, 
gravities  at  other  temperatures  are  given. 


INDEX. 


Acetic  acid  test  for  oils,  245. 
Acetylenes,  12. 
Acid  tar,  54. 
Acids,  fatty,  120. 

—     molecular  weight  of  fatty, 

251 

Adulteration  of  oils,  211. 
Alkali  tests  for  oils,  211,  218. 
Allenes,  13. 
Almond  oil,  157. 
Alsace  petroleum,  92. 
Aluminium  oleate,  114. 

stearate,  115. 
American  petroleum,  77. 

geology  of, 
81. 

American  petroleum,  refining,  95. 
Ammonia  sulphate,  36,  37,  41,  46. 

water,  35,  49. 
Analysis  and  testing  of  grease, 

281. 

Analysis  and  testing  of  oils,  211. 
Animal  oils,  117,  129. 

occurrence  of,  129. 
extraction  of,  130. 
—     rendering,  131. 
Anthracene,  13,  277. 

grease,  277. 
oil,  277. 

Arachidic  acid,  198. 
Arachis  oil,  157,  198. 
Archbutt's  evaporation  test,  245. 

elaidin  test,  250. 
Arctic  sperm  oil,  200. 
Argentine  petroleum,  91. 
Astatki,  112. 
Axle  grease,  278,  279. 


Baku  petroleum,  83,  92. 
Barbadoes  tar,  91. 


Barracks  shale,  25. 
Ben  oil,  157. 
Benzenes,  13. 
Benzine,  105. 
Benzoline,  105. 
Bleaching  oils,  164. 

—  by  hot  air,  164. 

—  bichromate,  166. 
by  chlorine,  166. 
by  sun,  167. 

Blowing    oils,     apparatus    for, 

206. 

Blown  oils,  205. 
Blue  oil,  66. 
Body  of  oils,  226. 
Boiling  point  of  liquids,  7. 
Bone  tallow  extraction,  139,  175. 
Broxbourn  shale,  25. 
Bromine  tests  for  oils,  248,  249. 
—        equivalents  of  oils,  248, 

249. 

Brown  rape  oil,  196. 
Burning  oils,  Scotch,  61. 

—    American,  90. 
Burning  point  of  oils,  240. 


C. 


Californian  petroleum,  90,  91. 
Canadian  petroleum,  91. 
Castor  oil,  161,  189. 

—  —    composition,  190. 

-    constants,  191. 

—  extraction,  189. 

—  —    properties,  190. 

—  seeds,  156. 
Chemical  composition  of  fats  and 

oils,  J18. 
Chrysene,  13. 
Cinnamene,  13. 
Coconut  oil,  157,  186. 

—  composition,  187. 
-  constants,  189. 
—        —  properties,  187. 
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Coconut  oil  sources,  186. 

—      —  uses,  188. 
Colliery  grease,  280. 
Colza  oil,  157,  196. 
Couper-Rae  shale  retort,  42. 
Cotton  seed  oil,  157. 

—    thickening,  206. 
Crude  shale  oil,  26,  27,  30,  33,  35, 

40,  44,  46,  50,  52. 
Crude  shale  oil,  composition,  50. 

—       —  treatment,  50. 
Cylinder  oils,  107,  111,  299,  303. 
Cymogen,  104. 
Cumulative  resolution,  8. 


D. 


Deblooming  mineral  oils,  115. 
Decorticating  oil  seeds,  155. 
Destructive  distillation,  7,  9. 

products 
of,  9,  11. 
Diallyl,  13. 
Dietz  apparatus,  169. 
Diphenyl,  13. 
Dipropargyl,  13. 
Distillation,  5. 

of  Scotch  shale,  46. 

destructive,  7. 

simple,  7. 
Dunnet's  shale,  25. 


Elaidin  test  for  oils,  250. 
Evaporation  test  for  oils,  244. 


F. 


Fat  and  mineral  oils,  separation 

of,  219. 
Fats,  1,  117. 

—  as  cylinder  oils,  301. 

—  characteristic  features  of,  1. 

—  rendering  animal,  130. 
Fatty  acids,  120. 

—  acetic  series,  121. 

—  —    linoleic  series,  124. 

—  —    linolenic  series,  124. 

—  insoluble,  122. 

—  —    oleic  series,  123. 


Fatty  acids,  ricinoleic  series,  124. 

_        _    soluble,  122. 
Fells  shale,  25. 
Fire  test  of  oils,  240. 
Flash  point  apparatus,  Gray's,  243. 
—    of  oils,  238. 

—  close  test,  241. 

—  open  test,  239. 
Free  acid  in  oil,  225. 

Friction,  287. 

Friction  and  lubrication,  281. 
—       in  machinery,  290. 


G. 


Galician  petroleum,  83,  92. 
Gas  engine  oils,  303,  305. 
Gasoline,  105,  112. 
Gingelly  oil,  157. 
Glycerides,  119. 
Glycerine,  119,  120,  125. 

—  properties  of,  125,  127. 

—  proportions     in     oils, 
128. 

Glycerine,    specific    gravities    of 

solutions,  126. 
Glyceryl,  119. 
Glycols,  19. 
Gravity  of  oils,  testing,  212. 

-    table,  218. 

Gray's  flash  point  apparatus,  243. 
Greases,  lubricating,  270. 
Grease,  analysis  of,  281. 

—  axle,  278,  280. 

—  colliery,  280. 

—  hot  neck,  279,  280. 
loco,  279. 

mica,  280. 
plumbago,  280. 
tram,  278,  280. 
wheel,  278. 
Green  naphtha,  59. 
oil,  59,  63. 

-  refining,  63. 
Grey  shale,  25. 
Ground  nut  oil,  157,  198. 

—       —     —    composition    of, 

198. 
Ground    nut    oil,    constants     of, 

199. 

Ground  nut  oil,  properties  of,  198. 
—    —  sources  of,  198. 


INDEX. 
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H. 


Hanover  petroleum,  83,  92. 
Hard  scale,  66. 
Hehner's  bromine  test,  249. 
Henderson  shale  retort,  32,  44. 
—  —        —      products 

from,  35,  46, 

Hot-neck  grease,  279,  280. 
Houston  coal,  25. 
Hydrocarbon  oils,  3,  5. 

and  fat  oils,  separa- 
tion of,  219. 
Hydrocarbon    oils,    bodying    up, 

114. 

Hydrocarbon,  deblooming,  115. 
Hydrocarbons,  11. 

families  of,  12. 
methane  series,  14. 
naphthene  series, 
1. 
Hydrocarbons,  olefin,  18. 

paraffin,  14. 

Hydrometer  test  for  oils,  213. 
HiibPs  iodine  test,  246. 
Huiles  tournants,  194. 
Hurst's  viscometer,  231. 


Ingram    &    Stapfer    oil    testing 

machine,  255. 

Iodine  equivalents  of  oils,  248. 
Iodine  test  for  oils,  247. 


K. 

Kerosine,  100,  111. 
Koettstorfer  test  for  oils,  220. 


Lard  oil,  180. 
Laurel  oil,  157. 
Linseed  oil,  157. 
Loco  grease,  279. 
Lubricating  greases,  270. 

oils,     properties     of 

Scotch,  67. 
Lubricating    oils,    properties    of 

American,  110. 


Lubricating    oils,    properties    of 

Russian,  113. 
Lubricants,  285. 

properties  of,  285. 
selection  of,  292-295. 
Lubrication,  285. 

and  friction,  285. 

and      atmospheric 
agents,  287. 

Lubrication  under  ordinary  con- 
ditions, 287. 
Lubrication  at  high  temperatures, 

299. 

Lubrication    and    speed    of    ma- 
chines, 292. 
Lubrication  and  pressure,  293. 

and  temperature,  293. 
—  of  engine  cylinders, 

299. 


M. 

Maize  oil,  157. 
Marrow  tallow,  175. 
Maumene  test  for  oils,  223. 
M'Naught's  oil  test  machine,  268. 
Mechanical  tests  for  oils,  254. 
Melting  of  solids,  7- 
Melting  point  of  fats,  251. 
Methylated  spirit,  purifying,  221. 
Mica  grease,  280. 
Mills'  bromine  test,  248. 
Mineral  and  fat  oils,  separation 

of,  219. 

Mineral  oils,  bodying  up,  114. 
—    deblooming,  115. 
Molecular  weight  of  fatty  acids, 

251. 

Monitor,  102. 
Mungle  shale,  25. 
Mustard  oil,  157. 


N. 

Napier's  oil  testing  machine,  268, 
Naphtha,  59,  60. 

—  green,  59. 

—  petroleum,  89,  99,  112. 

—  refining,  60. 
Naphthalene,  13. 
Naphthenes,  12,  20,  89. 

constitution  of,  21. 
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Naphthenes,  properties  of,  22. 

table  of,  89. 

Natural  lubricating  oils,  106. 
Neatsfoot  oil,  175,  180. 
Neutral  petroleum  oils,  109. 
Niger  seed  oil,  199. 
Nut  oil,  157. 


0. 


Oil,  almond,  157. 

—  arachis,  157,  198. 

—  ben,  157. 

—  blown,  205. 

—  castor,  157. 

—  coconut,  157,  186. 

—  colza,  157,  196. 

—  cotton  seed,  157. 

—  gingelly,  157. 

—  ground  nut,  157,  198. 

—  lard,  180. 

-  laurel,  157. 

—  linseed,  157. 

—  maize,  157. 

—  mustard,  157. 

—  neatsfoot,  180. 

—  niger,  157,  199. 

—  nut,  157. 

—  olive,  157, 192. 

—  palm,  157,  181,  271. 

—  palm  nut,  157,  184 

—  poppy  seed,  157. 

—  rape,  157,  196. 

—  seal,  205. 

—  sesame,  157. 

—  sperm,  200. 

—  sunflower,  157. 

—  tallow,  179. 

—  thickened,  205. 

—  walnut,  202. 

—  whale,  157. 

Oil  crushing  mills,  143,  150. 

—  foots,  163,  271. 

—  grinding  mills,  145. 

—  presses,  stamper  press,  148. 

—  —       hydraulic  press,  149. 

—  —      screw  press,  152. 

—  separator,  102. 

—  solvents,  168. 

—  stills,  52,  56,  59,  60. 

—  testing  machines,  254. 

Ingram     <! 
Stapfer,  255. 


Oil   testing  machine,  M'Naughtr 

268. 

Oil  testing  machine,  Napier,  268. 
—        Shaw,  268. 

Thomas,  264. 

—  —  —       Thurston,, 
258. 

Oil  clarifying  by  filtering,  158. 

—  refining  by  caustic  soda,  161. 

—       —  Fuller's  earth,  158. 

—  —       —  sulphuric  acid,  159.. 

—  seed  kettles,  146,  151. 

—  —    moulding  mills,  151. 

—  seeds,  decorticating,  155. 
Oils,  1. 

—  absorption     of    oxygen     by,. 
288. 

Oils,  bleaching  of,  164. 

by  bichromate,, 
166. 
Oils,    bleaching    of    by    hot    air,, 

164. 
Oils,  bleaching  of  by  sun,  163. 

by  chlorine,  166.. 

—  characteristic  features  of,  1. 

—  essential,  4. 

—  extracting  by  solvents,  167. 

—  fatty,  2. 

—  hydrocarbons,  3,  5. 

—  pressing  vegetable,  142. 

Anglo- 
American  system,  149. 

Oils,  pressing  vegetable,  English 
system,  149. 

Oils,  stainless,  296. 

—  uses  of,  4. 

—  vegetable,  157. 

—  and    spontaneous    combus- 
tion, 288. 

Oleate  of  alumina,  114. 
Olefins,  12,  17. 

properties  of,  18. 

Olefin  series  of  hydrocarbons,  18~ 
Olive  oil,  192. 

—  —  constants,  195. 

—  —  elaidin  test  for,  257. 

—  —  extraction,  192. 

—  —  huiles  tournants,  196. 
— -     —  properties  of,  194. 

—  —  separator,  193. 

—  —  sources  of,  192. 

—  —  "  sulphur,"  193. 
Once-run  oil,  53. 

—  —      —  refining,  56. 


INDEX. 


P. 


Palm  nut  oil,  184,  185. 

—  —    —  composition,  185. 

-  constants,  186. 

—  —    —  properties,  185. 
Palm  oil,  155,  181,  271. 

composition,  183. 
constants,  184. 
extraction,  182. 

—  —    grease  making,  271. 

—  properties,  183. 

—  sources,  181. 
Paraffenes,  12. 

Paraffin  petroleum  oils,  106. 
Paraffins,  12. 

series  of,  14. 
properties  of,  15. 
general  composition  of, 
15. 
Paraffin,  scale,  66,  69. 

wax,  analysis  of,  70,  73. 

—  refining,  64,  69. 

—  tank,  65. 

Pennsylvania  petroleum,  91,  92. 
Peters'  viscometer,  234. 
Petroleum,  76. 

—          American,  refining  of, 
94. 
Petroleum,  American,  81. 

Baku,  83. 

Burmah,  83. 

Canadian,  83. 

composition  of,  85. 

Egypt, '83. 

extraction  of,  92. 

Galicia,  83. 

geology  of,  77. 

Hanover,  83. 

history  of,  76. 

Indian,  83. 

origin  of,  84. 

Russian,  89,  110. 

Roumanian,  83. 
Petroleum  jelly,  109. 

kerosine,  100,  112. 

lubricating    oils,    106, 
108,  110,  112,  113. 
Petroleum  naphtha,  110,  112. 

products,  90,  100,  103, 
1'04,  112. 
Petroleum  refining,  94. 

residuum,  100. 

shales,  81. 


Petroleum  stills,  96. 

wells,  93,  94. 


R. 


Raeburn  shale,  24. 
Rangoon  oil,  90. 
Rape  oil,  157,  196. 

—  blowing,  206. 

-  constants,  197. 

-  properties,  196. 

-  refining,  196. 

—  —  sources,  196. 

—  —  thickened,  208. 

-  uses,  197. 

Redwood's  viscometer,  229. 
Refining  oils,  157. 

—     by    caustic    soda,. 

161. 
Refining  oils  by  filtering,  158. 

—        —  by    Fuller's    earth, 

158. 
Refining  oils  by  sulphuric  acid,, 

159. 

Reichert  test,  252. 
Rendering  animal  fats,  130. 
Residuum,  100. 

treatment  of,  105. 
Rhigolene,  104. 
Retorting  of  shale,  26. 
Rosin,  271. 

—  distillation  of,  271. 
oil,  271. 

hard,  272,  274. 

—  —     medium,  272,  274. 

soft,  272,  274. 

—  greases,  273. 
grease,  279. 

—  spirit,  272. 
Russian  petroleum,  89, 110. 

refining,  110.. 
products,  112. 


S. 


Sacher's  viscometer,  228. 
Scotch  shale  oil  industry  statis- 
tics, 76. 
Scotch  shale  oils,  24. 

—    crude,  30,  50. 
_      _    distilling,  26. 

dia- 
gram of,  27. 
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Scotch  shale  oils,  history  of,  28, 
—    refining,  50, 58. 
dia- 
gram of,  51. 
Scotch   shale  oils,   properties  of, 

67. 
Scotch  shale  oils,  stills,  52. 
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with  some  information  respecting  the  special  properties  of  the  various  products  which  cause 
these  various  oils  to  be  of  value  as  lubricants." — Industries  and  Iron. 
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Press  Opinions. 

"  There  is  no  question  that  this  is  a  useful  book." — Chemist  and  Druggist. 

"  The  different  formula?  which  are  quoted  appear  to  be  fa*  more  '  practical '  than  such  as 
are  usually  to  be  found  in  text-books ;  and  assuming  that  the  original  was  published  two  or 
three  years  ago,  and  was  only  slightly  behindhand  in  its  information,  the  present  volume  gives 
a  fair  insight  into  the  position  of  the  varnish  industry." — The  Ironmonger. 

Letter  from  the  Teacher  of  a  Technical  Class. 

"  As  a  teacher  I  have  often  been  consulted  as  to  the  best  work  on  Varnish  Manufacture 
and  kindred  industries,  and  have  been  at  a  loss  in  recommending  a  really  practical  one.  It  is 
therefore  with  pleasure  that  I  can  now  testify  as  to  the  merits  of  the  book  on  these  subjects 
by  A.  Livache  and  J.  G.  Mclntosh  recently  published  by  Messrs.  Scott,  Greenwood  &  Co.  In 
my  opinion  no  varnish  maker  ought  to  be  •without  it ;  moreover,  it  is  the  best  text-book  that 
could  be  put  into  the  hands  of  trade  students  or  beginners.  It  has  also  the  merits  of  being 
thoroughly  up-to-date  and  of  possessing  a  remarkably  comprehensive  index.  I  can  conscien- 
tiously recommend,  it  to  my  students  and  trade  friends." — CHARLES  HARRISON,  Lecturer  on 
the  Manufacture  of  Painters'  Oils,  Colours  and  Varnishes,  Borough  Polytechnic,  Borough 
Road,  S.E. 
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"  It  is  evidently  the  result  of  prolonged  research,  and  cannot  but  prove  a  valuable  con- 
sulting work  to  those  engaged  in  the  industry." — Derby  Mercury. 

"  The  practical  portion  of  the  volume  is  the  one  which  will  especially  commend  itself,  as 
that  is  the  part  of  the  subject  which  most  readers  would  buy  the  book  for." — Chemist  and 
Druggist. 

"This  work  just  issued  is  a  very  valuable  treatise  on  the  manufacture  of  lake  pigments  of 
the  coal-tar  series  principally.  The  plan  adopted  by  the  author  in  writing  up  the  subject 
enables  the  manufacture  to  be  very  readily  understood.  .  .  .  The  general  properties  of  lakes 
produced  from  artificial  colours,  washing,  filtering  and  finishing,  and  matching  and  testing 
lake  pigments  are  well  and  exhaustively  described,  so  that  no  manufacturer  or  user  of  lake 
pigments  can  well  afford  to  be  without  this  work." — Chemical  Trade  Journal. 

"This  is  undoubtedly  a  book  which  will  occupy  a  very  high  place  amongst  technical  works, 
and  will  prove  of  exceptional  value  to  all  whom  it  immediately  concerns.  We  have  no 
hesitation  in  reeommending  it  as  one  of  the  best  works  of  its  class  we  have  ever  read.  Mr. 
Jennison  has  set  about  his  task  with  a  lucid  style,  and  with  a  complete  mastery  of  his  subject. 
.  .  We  do  not  think  students  of  the  technical  side  of  the  paint  and  colour  industry  can 
possibly  spend  7s.  6d.  in  a  more  profitable  way  than  by  buying  this  publication." — Eastern 
Morning  Neivs. 
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"Though  this  excellent  little  work  can  appeal  only  to  a  limited  class,  the  chemists  in  colour 
works,  yet  it  will  appeal  to  them  very  strongly  indeed,  for  it  will  put  them  on  the  track  of 
short,  rapid,  and  yet  approximately,  accurate  methods  of  testing  the  comparative  value  of 
competing  samples  of  raw  material  used  in  paint  and  colour  manufacture." — North  British 
Daily  Mail. 

"This  little  text-book  is  intended  to  supplement  the  larger  and  more  comprehensive  works 
on  the  subject,  and  it  embodies  the  result  of  Mr.  Jones'  experiments  and  experiences,  extend- 
ng  over  a  long  period.  It  gives,  under  separate  headings,  the  principal  ingredients  and  im- 
purities found  in  the  raw  materials,  and  is  a  handy  work  of  reference  for  ascertaining  what  is 
valuable  or  detrimental  in  the  sample  under  examination." — Blackburn  Times. 

"There  is  no  attempt  at  literary  adornment  nor  straining  after  literary  effect,  but  the 
lessons  are  imparted  in  simple  and  concise  language.  This  is  just  what  a  text-book  should 
be.  ...  The  treatise  is  certainly  most  useful,  and  bears  internal  evidence  of  being  the  results 
of  actual  work  in  a  busy  manufactory  and  not  of  ephemeral  cramming  in  a  technical  school. 
The  chapter  arrangement  is  good,  the  index  satisfactory,  and  the  book  is  altogether  one  which 
the  practical  chemist  should  keep  as  accessible  to  his  crucibles  and  filter  paper." — Manchester 
Courier. 
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"  There  can  be  no  doubt  that  the  publication  will  take  a  high  place  in  the  list  of  scientific 
text-books." — London  Argus 

"  We  can  heartily  recommend  this  volume  to  all  interested  in  the  subject  of  essential  oils 
from  the  scientific  or  the  commercial  standpoint." — British  and  Colonial  Druggist. 

"  Mr.  Parry  has  done  good  service  in  carefully  collecting  and  marshalling  the  results  of  the 
numerous  researches  published  in  various  parts  of  the  world." — Pharmaceutical  Journal. 

"  At  various  times  monographs  have  been  printed  by  individual  workers,  but  it  may  safely 
be  said  that  Mr.  Parry  is  the  first  in  these  latter  days  to  deal  with  the  subject  in  an  adequate 
manner.  His  book  is  well  conceived  and  well  written.  .  .  .  He  is  known  to  have  sound  practi- 
cal experience  in  analytical  methods,  and  he  has  apparently  taken  pains  to  make  himself  aufait 
with  the  commercial  aspects  of  the  subject." — Chemist  and  Druggist. 

"  Mr.  Parry's  reputation  as  a  scientist  is  fully  established,  and  we  can  therefore  accept  any 
work  emanating  from  his  pen  as  being  of  the  greatest  practical  value.  We  have  perused  the 
work  before  us  with  much  care,  and  are  convinced  that  the  contents  will  be  found  most  service- 
able and  its  publication  most  opportune.  .  .  .  He  avoids  unnecessary  details,  but  includes 
everything  that  is  essential  to  systematic  treatment,  while  he  attempts  no  more  '  than  to  give 
an  outline  of  the  principles  involved  '.  .  .  .  We  congratulate  Mr.  Parry  on  the  scientific  value 
of  his  work,  and  hope  that  if  the  progress  of  the  colonies  in  the  manufacture  of  essential  oils 
and  perfumes  equals  what  we  are  justified  in  expecting,  it  will  become  an  Australian  hand-book, 
everywhere  appreciated." — The  Australian  Brewers'  Journal. 

DRYING  OILS,  BOILED  OIL  AND  SOLID  AND 
LIQUID  DRIERS.  By  L.  E.  ANDES.  A  Practical  Work 
for  Manufacturers  of  Oils,  Varnishes,  Printing  Inks,  Oilcloth  and  Lino- 
leum, Oilcakes,  Paints,  etc.  Expressly  Written  for  this  Series  of  Special 
Technical  Books,  and  the  Publishers  hold  the  Copyright  for  English  and 
Foreign  Editions.  Forty-two  Illustrations.  360pp.  1901.  Demy  8vo. 
Price  12s.  6d. ;  India  and  Colonies,  13s.  6d. ;  Other  Countries,  15s.  ; 
strictly  net. 

Contents. 

Chapters  I.,  General  Chemical  and  Physical  Properties  of  the  Drying  Oils ;  Cause  of  the 
Drying  Property  ;  Absorption  of  Oxygen  ;  Behaviour  towards  Metallic  Oxides,  etc. — II.,  The 
Properties  of  and  Methods  for  obtaining  the  Drying  Oils. — III.,  Production  of  the  Drying  Oils 
by  Expression  and  Extraction ;  Refining  and  Bleaching ;  Oil  Cakes  and  Meal ;  The  Refining 
and  Bleaching  of  the  Drying  Oils ;  The  Bleaching  of  Linseed  Oil. — IV.,  The  Manufacture  of 
Boiled  Oil ;  The  Preparation  of  Drying  Oils  for  Use  in  the  Grinding  of  Paints  and  Artists' 
Colours  and  in  the  Manufacture  of  Varnishes  by  Heating  over  a  Fire  or  by  Steam,  by  the  Cold 
Process,  by  the  Action  of  Air,  and  by  Means  of  the  Electric  Current;  The  Driers  used  in 
Boiling  Linseed  Oil;  The  Manufacture  of  Boiled  Oil  and  the  Apparatus  therefor ;  Livache's 
Process  for  Preparing  a  Good  Drying  Oil  and  its  Practical  Application. — V.,  The  Preparation 
of  Varnishes  for  Letterpress,  Lithographic  and  Copperplate  Printing,  for  Oilcloth  and  Water- 
proof Fabrics ;  The  Manufacture  of  Thickened  Linseed  Oil,  Burnt  Oil,  Stand  Oil  by  Fire  Heat, 
Superheated  Steam,  and  by  a  Current  of  Air. — VI.,  Behaviour  of  the  Drying  Oils  and  Boiled 
Oils  towards  Atmospheric  Influences,  Water,  Acids  and  Alkalies. — VII.,  Boiled  Oil  Substitutes. 
— VIII.,  The  Manufacture  of  Solid  and  Liquid  Driers  from  Linseed  Oil  and  Rosin;  Linolic 
Acid  Compounds  of  the  Driers. — IX.,  The  Adulteration  and  Examination  of  the  Drying  Oils 
and  Boiled  Oil. 

REISSUE  OF  CHEMICAL  ESSAYS  OF  C.  W. 
SCHEELE.  First  Published  in  English  in  1786.  Trans- 
lated from  the  Academy  of  Sciences  at  Stockholm,  with  Additions.  300 
pp.  Demy  8vo.  1901.  Price  5s. ;  India  and  Colonies,  5s.  6d.  ;  Other 
Countries,  6s.  ;  strictly  net. 

Contents. 

Memoir:  C.  W.  Scheele  and  his  work  (written  for  this  edition). — Chapters  I.,  On  Fluor 
Mineral  and  its  Acid. — II.,  On  Fluor  Mineral. — III.,  Chemical  Investigation  of  Fluor  Acid, 
with  a  View  to  the  Earth  which  it  Yields,  by  Mr.  Wiegler.— IV.,  Additional  Information 
Concerning  Fluor  Minerals. — V.,  On  Manganese,  Magnesium,  or  Magnesia  Vitrariorum. 
—VI.,  On  Arsenic  and  its  Acid.— VII.,  Remarks  upon  Salts  of  Benzoin— VIII.,  On  Silex, 
Clay  and  Alum.— IX.,  Analysis  of  the  Calculus  Vesical.— X.,  Method  of  Preparing  Mercurius 
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Dulcis  Via  Humida. — XL,  Cheaper  and  more  Convenient  Method  of  Preparing  Pulvis 
Algarothi. — XII.,  Experiments  upon  Molybdaana. — XIII.,  Experiments  on  Plumbago. — XIV., 
Method  of  Preparing  a  New  Green  Colour.— XV.,  Of  the  Decomposition  of  Neutral  Salts  by 
Unslaked  Lime  and  Iron. — XVI.,  On  the  Quantity  of  Pure  Air  which  is  Daily  Present  in  our 
Atmosphere.— XVII.,  On  Milk  and  its  Acid.— XVIII. ,  On  the  Acid  of  Saccharum  Lactis.— 
XIX.,  On  the  Constituent  Parts  of  Lapis  Ponderosus  or  Tungsten. — XX.,  Experiments  and 
Observations  on  Ether. 

GLUE  AND  GLUE  TESTING.     By  SAMUEL  RIDEAL,  D.Sc. 
Lond.,  F.I.C.    Fourteen  Engravings.    144pp.    DemySvo.    1900.    Price 
10s.  6d. ;  India  and  Colonies,  11s.  ;  Other  Countries,  12s.;    strictly  net. 
Contents. 

Chapters  I.,  Constitution  and  Properties:  Definitions  and  Sources,  Gelatine,  Chondrin 
and  Allied  Bodies,  Physical  and  Chemical  Properties,  Classification,  Grades  and  Commercial 
Varieties.— II.,  Raw  Materials  and  Manufacture  :  Glue  Stock,  Lining,  Extraction,  Washing 
and  Clarifying,  Filter  Presses,  Water  Supply,  Use  of  Alkalies,  Action  of  Bacteria  and  of 
Antiseptics,  Various  Processes,  Cleansing,  Forming,  Drying,  Crushing,  etc.,  Secondary  Pro- 
ducts.—III.,  Uses  of  Glue  :  Selection  and  Preparation  for  Use,  Carpentry,  Veneering, 
Paper-Making,  Bookbinding,  Printing  Rollers,  Hectographs,  Match  Manufacture,  Sandpaper, 
etc.,  Substitutes  for  other  Materials,  Artificial  Leather  and  Caoutchouc.— IV.,  Gelatine: 
General  Characters,  Liquid  Gelatine,  Photographic  Uses,  Size,  Tanno-,  Chrome  and  Formo- 
Gelatine,  Artificial  Silk,  Cements,  Pneumatic  Tyres,  Culinary,  Meat  Extracts,  Isinglass,  Medi- 
cinal and  other  Uses,  Bacteriology. — V.,  Glue  Testing :  Review  of  Processes,  Chemical 
Examination,  Adulteration,  Physical  Tests,  Valuation  of  Raw  Materials. — VI.,  Commercial 
Aspects. 

Press  Opinions. 

"This  work  is  of  the  highest  technical  character,  and  gives  not  only  a  full  and  practical  ac- 
count of  the  raw  materials  and  manufacture  of  glues,  gelatines  and  similar  substances,  but 
gives  many  hints  and  information  on  the  use  of  such  substances  in  veneering,  carpentry  and 
many  other  purposes.  Many  tests  are  given  for  glue  in  different  stages  of  the  progress  of  its 
manufacture,  and  the  commercial  value  of  a  commodity  so  much  in  general  use  is  exemplified 
by  statistics  and  figures.  It  is  certainly  a  valuable  treatise  upon  an  article  for  which  very 
little  literature  in  any  form  has  previously  been  obtainable." — Carpenter  and  Builder. 

"  Books  on  the  art  of  glue  making  are  more  than  usually  scarce,  and  users  of  that  article, 
as  well  as  those  who  may  be  tempted  to  embark  in  the  industry,  should  therefore  welcome 
this  book  by  Dr.  Samuel  Rideai,  a  Fellow  of  the  Institute  of  Chemistry,  and  a  leading  authority. 
In  this  book  he  has  collected  the  more  important  facts  connected  with  the  manufacture  of  glue 
and  allied  products,  and  stated  the  experience  he  has  gained  in  examining  various  commercial 
samples  during  the  past  ten  years.  .  .  .  Dr.  Rideal's  book  must  be  regarded  as  a  valuable  con- 
tribution to  other  technical  literature,  which  manufacturers,  merchants  and  users  may  study 
with  profit." — British  Trade  Journal. 

"  This  volume  is  the  latest  addition  to  the  excellent  series  of  special  technical  works  for 
manufacturers  and  professional  and  commercial  men  issued  by  the  well-known  publishers  of 
The  Oil  and  Colotirman's  Journal.  The  volume  in  every  way  fully  maintains  the  high  standard 
of  excellence  of  the  whole  series,  and  deals  with  the  subject  of  glue  making  and  glue  testing  in 
a  thoroughly  exhaustive  manner.  Chapters  are  given  on  the  constitution  and  properties,  and 
raw  material  and  manufacture,  and  of  the  uses  of  glue,  and  in  this  latter  respect  it  will  doubtless 
be  information  to  many  readers  to  learn  to  what  extent  glue  enters  into  the  manufacture  of 
many  commercial  products  not  apparently  associated  with  glue.  Exhaustive  chapters  on  the 
processes  and  methods  of  glue  testing,  and  on  its  commercial  aspects,  complete  this  useful  and 
most  carefully  prepared  volume." — Carriage  Builders'  Journal. 

TECHNOLOGY  OP  PETROLEUM  :  Oil  Fields  of  the 
World— Their  History,  Geography  and  Geology — Annual  Production 
and  Development — Oil-well  Drilling — Transport.  By  HENRY  NEU- 
BERGER  and  HENRY  NOALHAT.  Translated  from  the  French  by  J.  G. 
MclNTOSH.  550pp.  153  Illustrations.  26  Plates.  Royal  8vo.  1901.  Price 
21s.;  India  and  Colonies,  22s.  ;  Other  Countries,  23s.  6d.  ;  strictly  net. 
Contents. 

Part  L,  Study  of  [the  Petroliferous  Strata— Chapters  I.,  Petroleum— Definition.— II., 
The  Genesis  or  Origin  of  Petroleum.— III.,  The  Oil  Fields  of  Galicia,  their  History.— IV., 
Physical  Geography  and  Geology  of  the  Galician  Oil  Fields. — V.,  Practical  Notes  on  Galician 
Land  Law — Economic  Hints  on  Working,  etc. — VI.,  Roumania — History,  Geography,  Geology. 
— VII.,  Petroleum  in  Russia — History. — VIII.,  Russian  Petroleum  (continued) — Geography  and 
Geology  of  the  Caucasian  Oil  Fields.— IX.,  Russian  Petroleum  (continued).—*..,  The  Secondary 
Oil  Fields  of  Europe,  Northern  Germany,  Alsace,  Italy,  etc. — XL,  Petroleum  in  France. — XII., 
Petroleum  in  Asia — Transcaspian  and  Turkestan  Territory — Turkestan — Persia — British 
India  and  Burmah — British  Burmah  or  Lower  Burmah — China — Chinese  Thibet — Japan, 
Formosa  and  Saghalien. — XIII.,  Petroleum  in  Oceania — Sumatra,  Java,  Borneo — Isle  of 
Timor— Philippine  Isles— New  Zealand.— XIV.,  The  United  States  of  America— History .— 
XV.,  Physical  Geology  and  Geography  of  the  United  States  Oil  Fields.— XVI.,  Canadian  and 
other  North  American  Oil  Fields. — XVII.,  Economic  Data  of  Work  in  North  America. — 
XVIIL,  Petroleum  in  the  West  Indies  and  South  America.— XIX.,  Petroleum  in  the  French 
Colonies. 
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Part  II.,  Excavations.— Chapter  XX.,  Hand  Excavation  or  Hand  Digging  of  Oil  Wells. 

Part  III.,  Methods  of  Boring.— Chapters  XXL,  Methods  of  Oil-well  Drilling  or  Boring. 
—XXII.,  Boring  Oil  Wells  with  the  Rope.— XXIII.,  Drilling  with  Rigid  Rods  and  a  Free-fall- 
Fabian  System.— XXIV.,  Free-fall  Drilling  by  Steam  Power.— XXV.,  Oil-well  Drilling  by  the 
Canadian  System.— XXVI.,  Drilling  Oil  Wells  on  the  Combined  System.— XXVII.,  Com- 
parison between  the  Combined  Fauck  System  and  the  Canadian. — XXVIII.,  The  American 
System  of  Drilling  with  the  Rope. — XXIX.,  Hydraulic  Boring  with  the  Drill  by  Hand  and 
Steam  Power.— XXX.,  Rotary  Drilling  of  Oil  Wells,  Bits,  Steel-crowned  Tools,  Diamond 
Tools — Hand  Power  and  Steam  Power — Hydraulic  Sand-pumping. — XXXI.,  Improvements 
in  and  different  Systems  of  Drilling  Oil  Wells. 

Part  IV.V  Accidents. — Chapters  XXXII.,  Boring  Accidents — Methods  of  preventing  them 
— Methods  of  remedying  them. — XXXIII.,  Explosives  and  the  use  of  the  "Torpedo"  Leviga- 
tion.— XXXIV.,  Storing  and  Transport  of  Petroleum.— XXXV.,  General  Advice— Prospecting, 
Management  and  carrying  on  of  Petroleum  Boring  Operations. 

Part  V.,  General  Data. — Customary  Formulae. — Memento.  Practical  Part.  General 
Data  bearing  on  Petroleum. — Glossary  of  Technical  Terms  used  in  the  Petroleum  Industry. — 
Copious  Index. 

A  DICTIONARY  OP  CHEMICALS  AND  RAW  PRO- 
DUCTS USED  IN  THE  MANUFACTURE  OF 
PAINTS,  COLOURS,  VARNISHES  AND  ALLIED 
PREPARATIONS.  By  GEORGE  H.  HURST,  F.C.S.  Demy 
8vo.  380  pp.  1901.  Price  7s.  6d. ;  India  and  Colonies,  8s. ;  Other 
Countries,  8s.  6d. ;  strictly  net. 

Contents. 

The  names  of  the  Chemicals  and  Raw  Products  are  arranged  in  alphabetical  order,  and 
the  description  of  each  -varies  in  length  from  half  to  eight  pages.  The  following  are  some  of 
the  articles  described  and  explained  :  Acetates — Acetic  Acid — Acidimetry — Alcohol — Alum — 
Ammonia — Amber — Animi — Arsenic — Beeswax — Benzol — Bichromates  of  Potash  and  Soda — 
Bleaching  Powder — Bone  Black — Boric  Acid — Brunswick  Green — Cadmium  Yellow — Car- 
bonates— Carmine — Carnauba  Wax — Caustic  Potash  and  Soda — Chrome  Colours — Clay — Coal 
Tar  Colours — Copal — Dammar — Drying  Oils — Emerald  Green — Gamboge— Glue — Glycerine — 
Gums — Gypsum — Indian  Red — Japanese  Lacquer— Lac — Lakes — Lamp  Black — Lead  Com- 
pounds— Linseed  Oil — Magnesia — Manganese  Compounds — Mica — Nitric  Acid — Ochres — 
Orange  Lead — Orr's  White — Paraffin — Prussian  Blue — Rosin  Oil — Sepia — Sienna — Smalts — 
Sodium  Carbonate — Sublimed  White  Lead — Sulphuric  Acid — Terra  Verte — Testing  Pigments 
— Turpentine — Ultramarine — Umbers — Vermilionettes — White  Lead — Whiting — Zinc  Com- 
pounds.— Appendix :  Comparison  of  Baume  Hydrometer  and  Specific  Gravity  for  Liquids 
Lighter  than  Water — Hydrometer  Table  for  Liquids  Heavier  than  Water — Comparison  of 
Temperature  Degrees — Tables  for  Converting  French  Metric  Weights  and  Measures  into 
English — Table  of  the  Elements — etc.,  etc. — Copious  Index. 

Press  Opinions. 

"  This  treatise  will  be  •welcomed  by  those  interested  in  this  industry  who  have  not  secured 
the  full  advantage  of  a  course  of  scientific  training." — Chemical  Trade  Journal. 

"  In  concise  and  lucid  terms  almost  every  ingredient  used  in  paint  and  colour  manufacture 
is  described,  together  with  the  methods  of  testing  their  intrinsic  and  chemical  value." — 
Pontefract  Express. 

"  Such  a  book  of  reference  for  paint,  colour  and  varnish  manufacturers  has  long  been 
needed,  and  in  Mr.  Hurst  the  publishers  have  secured  a  compiler  who  is  not  only  a  well-known 
authority  and  expert,  but  who  has  the  gift  of  communicating  his  knowledge  in  a  concise  and 
lucid  form." — Manchester  Courier. 

PURE  AIR,  OZONE  AND  WATER.     A  Practical  Treatise 

of  their  Utilisation  and  Value  in  Oil,  Grease,  Soap,  Paint,  Glue  and 

other   Industries.     By  W.   B.  COWELL.     Twelve   Illustrations.     1900. 

Price  5s. ;  India  and  Colonies,  5s.  6d. ;  Other  Countries,  6s. ;  strictly  net. 

Contents. 

Chapters  I.,  Atmospheric  Air;  Lifting  of  Liquids;  Suction  Process;  Preparing  Blown  Oils  ; 
Preparing  Siccative  Drying  Oils. — II.,  Compressed  Air;  Whitewash. — III.,  Liquid  Air;  Retro- 
cession.— IV.,  Purification  of  Water;  Water  Hardness. — V.,  Fleshings  and  Bones. — VI.,  Ozon- 
ised Air  in  the  Bleaching  and  Deodorising  of  Fats,  Glues,  etc. ;  Bleaching  Textile  Fibres. — 
Appendix:  Air  and  Gases;  Pressure  of  Air  at  Various  Temperatures ;  Fuel;  Table  of  Com- 
bustibles; Saving  of  Fuel  by  Heating  Feed  Water;  Table  of  Solubilities  of  Scale  Making 
Minerals;  British  Thermal  Units  Tables;  Volume  of  the  Flow  of  Steam  into  the  Atmosphere; 
Temperature  of  Steam. — Index. 

Press  Opinions. 

"This  is  a  valuable  work  in  little  space.  ...  In  arrangement  it  is  a  commendable  work, 
and  its  value  is  increased  by  the  index  which  brings  the  little  volume  to  a  close." — Newcastle 
Daily  Journal. 

"The  book  is  written  solely  for  manufacturers,  who,  without  doubt,  will  find  it  exceedingly 
practical  and  useful.  The  volume  contains  an  appendix  wherein  is  given  a  great  many  tables, 
etc.,  which  manufacturers  in  the  trades  referred  to  will  find  of  inestimable  valuo  " — niarkbun* 
Times. 
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THE  MANUFACTURE  OP  MINERAL  AND  LAKE 
PIGMENTS.  Containing  Directions  for  the  Manufacture 
of  all  Artificial,  Artists  and  Painters'  Colours,  Enamel,  Soot  and  Me- 
tallic Pigments.  A  Text-book  for  Manufacturers,  Merchants,  Artists 
and  Painters.  By  Dr.  JOSEF  BERSCH.  Translated  from  the  Second 
Revised  Edition  by  ARTHUR  C.  WRIGHT,  M.A.  (Oxon.),  B.Sc.  (Lond.), 
formerly  Assistant  Lecturer  and  Demonstrator  in  Chemistry  at  the 
Yorkshire  College,  Leeds.  Forty-three  Illustrations.  476  pp.,  demy 
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Lead.— VIII.,  Enamel  White.— IX.,  Washing  Apparatus.— X.,  Zinc  White.— XL,  Yellow 
Mineral  Pigments.— XII.,  Chrome  Yellow.— XIII. ,  Lead  Oxide  Pigments.— XIV.,  Other 
Yellow  Pigments.— XV.,  Mosai:  Gold.— XVI.,  Red  Mineral  Pigments.— XVII.,  The  Manu- 
facture of  Vermilion. — XVIII.,  Antimony  Vermilion. — XIX.,  Ferric  Oxide  Pigments. — XX., 
Other  Red  Mineral  Pigments.— XXI  ,  Purple  of  Cassius.— XX1L,  Blue  Mineral  Pigments.— 
XXIII.,  Ultramarine.— XXIV.,  Manufacture  of  Ultramarine.— XXV.,  Blue  Copper  Pigments. 
—XXVI.,  Blue  Cobalt  Pigments.— XXVII. ,  Smalts.— XXVIII.,  Green  Mineral  Pigments.— 
XXIX.,  Emerald  Green.— XXX.,  Verdigris.— XXXI.,  Chromium  Oxide.— XXXIL,  Other 
Green  Chromium  Pigments.— XXXI 1 1.,  Green  Cobalt  Pigments.— XXXIV.,  Green  Man- 
ganese Pigments.— XXXV.,  Compounded  Green  Pigments.— XXXVI. ,  Violet  Mineral  Pig- 
ments.— XXXVII.,  Brown  Mineral  Pigments. — XXXVIIL,  Brown  Decomposition  Products. — 
XXXIX.,  Black  Pigments.— XL.,  Manufacture  of  Soot  Pigments.— XLL,  Manufacture  of 
Lamp  Black. — XLIL,  The  Manufacture  of  Soot  Black  without  Chambers. — XLIIL,  Indian 
Ink.  — XLIV.,  Enamel  Colours.  —  XLV.,  Metallic  Pigments.  —  XLVL,  Bronze  Pigments  — 
XLVIL,  Vegetable  Bronze  Pigments. 

PIGMENTS  OF  ORGANIC  ORIGIN.— Chapters  XLVIIL,  Lakes.— XLIX.,  Yellow  Lakes.— L., 
Red  Lakes.— LI.,  Manufacture  of  Carmine.— LIL,  The  Colouring  Matter  of  Lac.— LIII.,  Saf- 
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LVL,  Manjit  (Indian  Madder).— LVIL,  Lichen  Colouring  Matters.— LVI 1 1.,  Red  Wood  Lakes. 
— LIX.,  The  Colouring  Matters  of  Sandal  Wood  and  Other  Dye  Woods.— LX.,  Blue  Lakes.— 
LXL,  Indigo  Carmine.— LXI I.,  The  Colouring  Matter  of  Log  Wood.— LXIII.,  Green  Lakes.— 
LXIV.,  Brown  Organic  Pigments.— LXV.,  Sap  Colours.— LXVI.,  Water  Colours.— LXVI I., 
Crayons.— LXVII I.,  Confectionery  Colours.— LXIX.,  The  Preparation  of  Pigments  for 
Painting.— LXX.,  The  Examination  of  Pigments.— LXXI.,  Examination  of  Lakes.— LXXII., 
The  Testing  of  Dye- Woods.— LXXI  1 1.,  The  Design  of  a  Colour  Works.— LXXIV.— Commercial 
Names  of  Pigments. — Appendix :  Conversion  of  Metric  to  English  Weights  and  Measures. — 
Centigrade  and  Fahrenheit  Thermometer  Scales. — Index. 

BONE  PRODUCTS  AND  MANURES  :  An  Account  of  the 
most  recent  Improvements  in  the  Manufacture  of  Fat,  Glue,  Animal 
Charcoal,  Size,  Gelatine  and  Manures.  By  THOMAS  LAMBERT,  Techni- 
cal and  Consulting  Chemist.  Illustrated  by  Twenty-one  Plans  and 
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Section  of  Drying-House — Specification  of  a  Glue — Size — Uses  and  Preparation  and  Composi- 
tion of  Size — Concentrated  Size. — III.,  Properties  of  Gelatine — Preparation  of  Skin  Gelatine 
— Washing  —  Bleaching — Boiling — Clarification — Evaporation — Drying — Bone  Gelatine  —  Se- 
lecting Bones — Crushing — Dissolving — Bleaching — Boiling — Propertiesof  Glutin  and  Chondrin 
— Testing  of  Glues  and  Gelatines. — IV.,  The  Uses  of  Glue,  Gelatine  and  Size  in  Various 
Trades — Soluble  and  Liquid  Glues — Steam  and  Waterproof  Glues. — V.,  Manures — Importation 
of  Foodstuffs — Soils — Germination — Plant  Life. — VI.,  Natural  Manures — Water  and  Nitrogen 
in  Farmyard  Manure— Full  Analysis  of  Farmyard  Manure — Action  on  Crops — Water-Closet 
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System — Sewage  Manure — Green  Manures. — VII.,  Artificial  Manures — Bones — Boiled  and 
Steamed  Bones — Mineral  Phosphates — English  Coprolites — French  and  Spanish  Phosphorites 
— German  and  Belgian  Phosphates — Basic  Slag — Guanos  Proper — Guano  Phosphates. — VIII., 
Mineral  Manures — Common  Salt — Potash  Salts — Calcareous  Manures — Prepared  Nitrogenous 
Manures — Ammoniacal  Compounds — Sodium  Nitrate — Potassium  Nitrate — Organic  Nitro- 
genous Matters — Shoddy — Hoofs  and  Horns — Leather  Waste — Dried  Meat — Dried  Blood — 
Superphosphates — Composition — Manufacture — Section  of  Manure-Shed — First  and  Ground 
Floor  Plans  of  Manure-Shed — Quality  of  Acid  Used — Mixings — Special  Manures — Potato 
Manure — Dissolved  Bones — Dissolved  Bone  Compound — Enriched  Peruvian  Guano — Special 
Manure  for  Garden  Stuffs,  etc. — Special  Manure  for  Grass  Lands — Special  Tobacco  Manures 
— Sugar-Cane  Manure — Compounding  of  Manures — Valuation  of  Manures. — IX.,  Analyses  of 
Raw  and  Finished  Products — Common  Raw  Bones — Degreased  Bones — Crude  Fat — Refined 
Fat — Degelatinised  Bones — Animal  Charcoal — Bone  Superphosphates — Guanos — Dried  Animal 
Products — Potash  Compounds — Sulphate  of  Ammonia— Extraction  in  Vacuo — Description  of  a 
Vacuum  Pan — French  and  British  Gelatines  compared. — Index.! 

Press  Opinion. 

"  We  can  with  confidence  recommend  the  perusal  of  the  book  to  all  persons  interested  in 
the  manufacture  of  artificial  manures,  and  also  to  the  large  number  of  farmers  and  others  who 
are  desirous  of  working  their  holdings  on  the  most  up-to-date  methods,  and  obtaining  the  best 
possible  results,  which  scientific  research  has  placed  within  their  reach." — Wigan  Observer. 

ANALYSIS  OP  RESINS  AND  BALSAMS.  Demy  8vo. 
340  pp.  1901.  Price  7s.  6d.  ;  India  and  Colonies,  8s.  ;  Other  Countries, 
8s.  6d.  ;  strictly  net. 

Contents. 

Part  I.,  Definition  of  Resins  in  General — Definition  of  Balsams,  and  especially  the  Gum 
Resins — External  and  Superficial  Characteristics  of  Resinous  Bodies — Distinction  between 
Resinous  Bodies  and  Fats  and  Oils — Origin,  Occurrence  and  Collection  of  Resinous  Sub- 
stances— Classification — Chemical  Constituents  of  Resinous  Substances — Resinols — Resinot 
Annols — Behaviour  of  Resin  Constituents  towards  the  Cholesterine  Reactions — Uses  and 
Identification  of  Resins — Melting-point — Solvents — Acid  Value — Saponification  Value — Resin 
Value — Ester  and  Ether  Values— Acetyl  and  Corbpnyl  Value — Methyl  Value — Resin  Acid — 
Systematic  Resume  of  the  Performance  of  the  Acid  and  Saponification  Value  Tests. 

Part  II.,  Balsams — Introduction — Definitions — Canada  Balsam — Copaiba  Balsam — Angos- 
tura Copaiba  Balsam — Babia  Copaiba  Balsam  —  Carthagena  Copaiba  Balsam  —  Maracaibo 
Copaiba  Balsam — Maturin  Copaiba  Balsam — Gurjum  Copaiba  Balsam — Para  Copaiba  Balsam 
— Surinam  Copaiba  Balsam — West  African  Copaiba  Balsam — Mecca  Balsam — Peruvian 
Balsam — Tolu  Balsam — Acaroid  Resin — Amine — Amber — African  and  West  Indian  Kino — 
Bengal  Kino — Labdanum — Mastic — Pine  Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration  of  Styrax  Liquidus  Crudus — Purified  Storax — Styrax  Crudus  Colatus — Taca- 
mahac — Thapsia  Resin  —  Turpentine — Chios  Turpentine  —  Strassburg  Turpentine — Turpeth 
Turpentine.  Gum  Resins — Ammoniacum — Bdellium — Euphorbium  —  Galbanum — Gamboge 
— Lactucarium — Myrrh — Opopanax — Sagapenum — Olibanum  or  Incense — Acaroid  Resin — 
Amber — Thapsia  Resin. — Index. 

MANUFACTURE  OP  PAINT.  A  Practical  Handbook  for 
Paint  Manufacturers,  Merchants  and  Painters.  By  J.  CRUICKSHANK 
SMITH,  B.Sc.  Demy  8vo.  1901.  200pp.  60  Illustrations  and  1  Large 
Diagram.  Price  7s.  6d.  ;  India  and  Colonies,  8s.  ;  Other  Countries, 
8s.  6d. ;  strictly  net. 

"Contents. 

Part  I.,  Chapters  I.,  Preparation  of  Raw  Material.— II.,  Storing  of  Raw  Material.— III., 
Testing  and  Valuation  of  Raw  Material— Paint  Plant  and  Machinery. 

Part  II.,  Chapters  V.,  The  Grinding  of  White  Lead.— VI.,  Grinding  of  White  Zinc.— VII., 
Grinding  of  other  White  Pigments.— VIII.,  Grinding  of  Oxide  Paints.— IX.,  Grinding  of  Stain- 
ing Colours.— X.,  Grinding  of  Black  Paints.— XL,  Grinding  of  Chemical  Colours— Yellows.— 
XII.,  Grinding  of  Chemical  Colours— Blues.— XIII.,  Grinding  Greens.— XIV.,  Grinding  Reds. 
—XV.,  Grinding  Lakes.— XVI.,  Grinding  Colours  in  Water.— XVII.,  Grinding  Colours  in 
Turpentine. 

Part  III.,  Chapters  XVIII.,  The  Uses  of  Paint.— XIX.,  Testing  and  Matching  Paints.— 
XX.,  Economic  Considerations. — Index. 

THE  CHEMISTRY  OP  PIGMENTS.  By  ERNEST  J.  PARRY, 
B.Sc.,  F.I.C.,  F.C.S.,  and  J.  H.  COSTE,  F.I.C.,  F.C.S.  •  [In  the  press. 

Contents. 

Chapters  I.,  Introductory— Composition  of  White  Light— Theory  of  Colour,  etc.— II.,  The 
Application  of  Pigments— Artistic,  Decorative,  Protective  Methods  of  Applying  Pigments.— 
III.,  White  Pigments.— IV.,  Inorganic  Coloured  Pigments.— V.,  Organic  Pigments. 
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NOTES  ON  LEAD  ORES  :  Their  Distribution  and  Properties. 
By  JAS.  FAIRIE,  F.G.S.  Crown  8vo.  1901.  64  pages.  Price  2s.  6d. ; 
Abroad,  3s.  ;  strictly  net. 

Contents. 

Chapters  I.,  Definitions — Properties — Occurrence. — II.,  Galena — Johnstonite — Cerussite — 
Ceruse  (White  Lead)— Minium— Red  Lead.— III.,  Pyromorphite— Mimetene— Hediphane— 
Crocoise— Wulfenite.— Vanadinite— IV.,  Bleigiatte— Anglesite— Caledonite— Linarite— Lanark- 
ite— Leadhillite  —  Susannite—  Clausthalite  —  Cotunnite.— V.,  Mendipite  —  Matlockite  —  Crom- 
fordite — Nagyagite — Altaite — Melanochroite  —  Vauguelinite  —  Scheeletine. — VI.,  Plattncrite — 
Tilkcrodite— Raphanosmite— Deckenite— Descloezite—  Dufrenaysite  —  Bleinierite  —  Moffrasite 
— Geocronite  —  Kilbrechenite  —  Schulzite — Boulangcrite  —  Heterpmorphite  —  Meneghinite — 
Jamesonite  —  Plagionite  —  Zinkenite.— VII.,  Kobellite  —  Bournonite—  Selenkupferblei— Nus- 
sierite— Percylite— Wolchite— Polysphracrite— Miesite.— Index. 


THE  RISKS  AND  DANGERS  OF  VARIOUS  OCCUPA- 
TIONS AND  THEIR  PREVENTION.  By  LEONARD 
A.  PARRY,  M.D.,  B.S.  (Lond.).  196  pp.,  demy  8vo.  1900.  Price  7s.  6d. ; 
India  and  Colonies,  8s.;  Other  Countries,  8s.  6d. ;  strictly  net. 

Contents. 

Chapters  I.,  Occupations  which  are  Accompanied  by  the  Generation  and  Scattering  of 
Abnormal  Quantities  of  Dust.— II.,  Trades  in  which  there  is  Danger  of  Metallic  Poisoning.— 
III.,  Certain  Chemical  Trades. — IV.,  Some  Miscellaneous  Occupations. — V.,  Trades  in  which 
Various  Poisonous  Vapours  are  Inhaled.— VI.,  General  Hygienic  Considerations.— Index. 

This  book  contains  valuable  information  for  the  following  trades — Aerated  Water  Manu- 
facture, Alkali  Manufacture,  Aniline  Manufacture,  Barometer  Making,  Brass  Founders,  Bromine 
Manufacture,  Bronze  Moulders,  Brush  Making,  Builders,  Cabinet  iMakers,  Calico  Printing, 
Chloride  of  Lime  Manufacture,  Coal  Miners,  Cocoa-nut  Fibre  Making,  Colour  Grinders, 
Copper  Miners,  Cotton  Goods  Manufacture,  Cotton  Yarn  Dyeing,  Cutlery  Trades,  Dry  Clean- 
ing, Electricity  Generating,  Electroplaters,  Explosives  Manufacture,  File  Making,  Flint 
Milling,  FloorCloth  Makers,  Furriers,  Fustian  Clothing  Making,  Galvanised  Iron  Manufacture, 
Gassing  Process,  Gilders,  Glass  Making,  Glass  Paper  Making,  Glass  Polishing  and  Cutting, 
Grinding  Processes,  Gunpowder  Manufacturing,  Gutta-percha  Manufacture,  Hat  Makers, 
Hemp  Manufacture,  Horn  Goods  Making,  Horse-hair  Making,  Hydrochloric  Acid  Manufacture, 
India-rubber  Manufacture,  Iodine  Manufacture,  Ivory  Goods  Making,  Jewellers,  Jute  Manu- 
facture, Knife  Grinders,  Knife  Handle  Makers,  Lace  Makers,  Lacquering,  Lead  Melters,  Lead 
Miners,  Leather  Making,  Linen  Manufacture  Linoleum  Making,  Lithographic  Printing  and 
Bronzing,  Lithographing,  Masons,  Match  Manufacture,  Melanite  Making,  Mirror  Making, 
Needle  Grinders,  Needle  Making,  Nitro-benzole  Making,  Nitro-glycerine  Making,  Paint 
Makers,  Paper  Making,  Philosophical  Instrument  Makers,  Photographers,  Picric  Acid  Making, 
Portland  Cement  Making,  Pottery  Manufacture,  Printers,  Quicksilver  Mining,  Rag  Pickers, 
Razor  Grinders,  Red  Lead  Making,  Rope  Making,  Sand  Paper  Making,  Saw  Grinders,  Scissors 
Grinders,  Shoddy  Manufacture,  Shot  Making,  Silk  Making,  Silver  Mining,  Skinners,  Slag,  Wood 
Manufacture,  Steel  Makers,  Steel  Pen  Making,  Stereotypers,  Stone  Masons,  Straw  Hat  Makers, 
Sulphuric  Acid  Manufacture,  Sweeps,  Table-knife  Grinders,  Tanners,  Telegraphists,  Textile 
Industries,  Tin  Miners,  Turners,  Type  Founders,  Umbrella  Makers,  Wall  Paper  Making, 
White  Lead  Making,  Wood  Working,  Woollen  Manufacture,  Wool  Sorters,  Zinc  Oxide 
Manufacture;  Zinc  Working,  etc.,  etc. 

Press  Opinions. 

"The  language  used  is  quite  simple,  and  can  be  understood  by  any  intelligent  person  en- 
gaged in  the  trades  dealt  with." — The  Clarion. 

"This  is  an  appalling  book.  It  shows  that  there  is  scarcely  a  trade  or  occupation  that  has 
not  a  risk  or  a  danger  attached  to  it." — Local  Government  Journal. 

"  Dr.  Parry  has  not  only  pointed  out  the  '  risks  and  dangers  of  various  occupations  ' ;  he  has 
suggested  means  for  their  prevention.  The  work  is  primarily  a  practical  one." — Colliery 
Manager. 

"This  is  a  most  useful  book  which  should  be  in  the  hands  of  all  employers  of  labour, 
foremen,  and  inte''igent  workmen,  and  is  one  of  great  utility  to  sanitary  inspectors,  and  even 
on  occasion  to  meuical  men." — Health. 

"The  writer  has  succeeded  in  collecting  a  large  amount  of  information,  and  though  one 
could  wish  he  had  presented  it  in  a  rather  more  attractive  style,  he  has  certainly  condensed  it 
into  a  very  small  space." — Physician  and  Surgeon. 

"  The  little  book  before  us  is  one  which  will  be  found  exceedingly  useful  to  manufacturers 
and  even  factory  inspectors.  .  .  .  No  attempt  is  made  to  show  how  diseases  when  originated 
are  to  be  cured,  but,  acting  on  the  sound  principle  that  prevention  is  better  than  cure,  means 
are  stated  how  to  avoid  the  harm." — Bristol  Mercury. 

"The  author  has  endeavoured  to  treat  the  question  in  simple  rather  than  in  technical  lan- 
guage, and  he  has  lucidly  catalogued  the  most  dangerous  trades  and  their  symptoms,  and  in 
each  case  specified  the  best  methods  of  dealing  with  them.  ...  To  those  for  whom  the. volume 
is  specially  designed,  Dr.  Parry's  treatise  should  be  a  useful  handbook." — Sheffield  Independent. 
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"A  very  useful  manual  for  employers  of  labour,  foremen,  intelligent  workmen,  and,  in  spite 
x>f  the  author's  modesty,  for  medical  men.  We  have  the  peculiar  risks  and  dangers  of  all  the 
dangerous  trades  carefully  described ;  the  mode  of  action  of  various  chemicals,  etc.,  used  in 
different  industries  given,  with  full  directions  how  to  minimise  unavoidable  risks." — Leeds 
Mercury. 

"Most  of  the  trades  in  the  country  are  alluded  to,  and  upon  those  that  are  dangerous  the 
necessary  attention  is  bestowed,  and  means  are  recommended  whereby  danger  may  te  pre- 
vented or  lessened.  The  author  has  evidently  studied  his  subject  with  care,  and  has  made  full 
use  of  the  experience  of  others  who  have  had  a  larger  insight  into  the  industries  of  the  country." 
—British  Medical  Journal. 

"The  work  is  well  written  and  printed,  and  its  verbiage  such  as  to  be  comprehensible  to  the 
workman  no  less  than  to  the  master.  The  careful  and  general  perusal  of  a  work  of  this  nature 
cannot  but  be  attended  by  beneficial  results  of  a  far-reaching  nature,  and  we  therefore  heartily 
recommend  the  book  to  our  readers.  Medical  Officers  of  Health  and  Sanitary  Inspectors 
especially  should  find  the  work  of  great  interest." — Sanitary  Record. 

"  It  is  written  in  simple  language,  and  its  instructions  can  be  easily  followed.  .  .  .  There 
are  some  employers,  at  any  rate,  who  are  more  ignorant  of,  than  indifferent  to,  the  slow  murder 
of  their  workpeople,  and  if  the  facts  so  succinctly  set  forth  in  this"book  were  brought  to  their 
notice,  and  if  the  Trade  Unions  made  it  their  business  to  insist  on  the  observance  of  the  better 
conditions  Dr.  Parry  described,  much  might  be  done  to  lessen  the  workman's  peril." — Weekly 
Times  and  Echo. 


PRACTICAL  X  RAY  WORK.  By  FRANK  T.  ADDYMAN, 
B.Sc.  (Lond.),  F.I.C.,  Member  of  the  Roentgen  Society  of  London  ; 
Radiographer  to  St.  George's  Hospital ;  Demonstrator  of  Physics  and 
Chemistry,  and  Teacher  of  Radiography  in  St.  George's  Hospital 
Medical  School.  Demy  8vo.  12  Plates  from  Photographs  of  X  Ray 
Work.  52  Illustrations.  200  pp.  1901.  Price  10s.  6d.  ;  India  and 
Colonies,  11s.  ;  Other  Countries,  12s.  ;  strictly  net. 

Contents. 

Part  I.,  Historical— Chapters  I.,  Introduction.— II.,  Work  leading  up  to  the  Discovery  of 
the  X  Rays.— 111.,  The  Discovery. 

Part  II.,  Apparatus  and  its  Management— Chapters  I.,  Electrical  Terms.— II.,  Sources 
of  Electricity.— III.,  Induction  Coils.— IV.,  Electrostatic  Machines.— V.,  Tubes.— VI.,  Air 
Pumps. — VII.,  Tube  Holders  and  Stereoscopic  Apparatus. — VIII.,  Fluorescent  Screens. 

Part  III.,  Practical  X  Ray  Work— Chapters  I.,  Installations.— II.,  Radioscopy.— III., 
Radiography.— IV.,  X  Rays  in  Dentistry.— V.,  X  Rays  in  Chemistry.— VI.,  X  Rays  in  War.— 
Index. 

List  of  Plates. 

Frontispiece — Congenital  Dislocation  of  Hip-Joint. — I.,  Needle  in  Finger. — II.,  Needle  in 
Foot.— III.,  Revolver  Bullet  in  Calf  and  Leg.— IV.,  A  Method  of  Localisation.— V.,  Stellate 
Fracture  of  Patella  showing  shadow  of  "Strapping". — VI.,  Sarcoma. — VII.,  Six-weeks'-old 
Injury  to  Elbow  showing  new  Growth  of  Bone. — VIII.,  Old  Fracture  of  Tibia  and  Fibula 
badly  set.— IX.,  Heart  Shadow. — X.,  Fractured  Femur  showing  Grain  of  Splint. — XL,  Bar- 
relPs  Method  of  Localisation. 


DRYING  BY  MEANS  OF  AIR  AND  STEAM.  Explana- 
tions, Formulae,  and  Tables  for  Use  in  Practice.  Translated  from  the 
German  of  E.  HAUSBRAND.  Two  Diagrams  and  Thirteen  Tables.  Demy 
8vo.  1901.  72  pp.  Price  5s.;  India  and  Colonies,  5s.  6d. ;  Other 
Countries,  6s. ;  strictly  net. 

Contents. 

Pr.eface. — British  and  Metric  Systems  Compared — Centigrade  and  Fahr.  Thermometers. — 
Chapters  I.,  Introduction. — II.,  Estimation  of  the  Maximum  Weight  of  Saturated  Aqueous 
Vapour  which  can  be  contained  in  1  kilo,  of  Air  at  Different  Pressure  and  Tempera- 
tures.—III.,  Calculation  of  the  Necessary  Weight  and  Volume  of  Air,  and  of  the  Least 
Expenditure  of  Heat,  per  Drying  Apparatus  with  Heated  Air,  at  the  Atmospheric  Pressure : 
A,  With  the  Assumption  that  the  Air  is  Completely  Saturated  with  Vapour  both  before  Entry 
and  after  Exit  from  the  Apparatus. — B,  When  the  Atmospheric  Air  is  Completely  Saturated 
before  entry,  but  at  its  exit  is  only  |,  J  or  J  Saturated. — C,  When  the  Atmospheric  Air  is  not 
Saturated  with  Moisture  before  Entering  the  Drying  Apparatus. — IV.,  Drying  Apparatus,  in 
which,  in  the  Drying  Chamber,  a  Pressure  is  Artificially  Created,  Higher  or  Lower  than  that 
of  the  Atmosphere. — V.,  Drying  by  Means  of  Superheated  Steam,  without  Air. — VI.,  Heating 
Surface,  Velocity  of  the  Air  Current,  Dimensions  of  the  Drying  Room,  Surface  of  the  Drying 
Material,  Losses  of  Heat. — Index. 
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Leather  Trades. 

THE  LEATHER  WORKER'S  MANUAL.  Being  a  Com- 
pendium of  Practical  Recipes  and  Working  Formulae  for  Curriers, 
Bootmakers,  Leather  Dressers,  Blacking  Manufacturers,  Saddlers, 
Fancy  Leather  Workers,  and  all  Persons  engaged  in  the  Manipulation 
of  Leather.  By  H.  C.  STANDAGE.  165  pp.  1900.  Price  7s.  6d. ; 
India  and  Colonies,  8s. ;  Other  Countries,  8s.  6d.  ;  strictly  net. 
Contents. 

Chapters  I.,  Blackings,  Polishes,  Glosses,  Dressings,  Renovators,  etc.,  for  Boot  and  Shoe 
Leather. — II.,  Harness  Blackings,  Dressings,  Greases,  Compositions,  Soaps,  and  Boot-top 
Powders  and  Liquids,  etc.,  etc. — III.,  Leather  Grinders'  Sundries. — IV.,  Currier's  Seasonings, 
Blacking  Compounds,  Dressings,  Finishes,  Glosses,  etc. — V.,  Dyes  and  Stains  tor  Leather. — 
VI.,  Miscellaneous  Information. — VII.,  Chrome  Tannage. — Index. 

Press  Opinions. 

"The  book  being  absolutely  unique,  is  likely  to  be  of  exceptional  value  to  all  whom  it  con- 
cerns, as  it  meets  a  long-felt  want." — Birmingham  Gazette. 

"  This  is  a  valuable  collection  of  practical  receipts  and  working  formulae  for  the  use  of  those 
engaged  in  the  manipulation  of  leather.  We  have  no  hesitation  in  recommending  it  as  one  of 
the  best  books  of  its  kind,  an  opinion  which  will  be  endorsed  by  those  to  whom  it  appeals." — 
Liverpool  Mercury. 

"  We  think  we  may  venture  to  state,  so  far  as  the  opinion  of  the  leather  trade  under  the 
Southern  Cross  is  concerned,  that  it  will  be  one  of  approval.  As  practical  men,  having  a  long 
and  wide  experience  of  the  leather  trade  in  Australia,  we  are  certain  that  there  are  many 
tanners  and  curriers  carrying  on  business  in  remote  townships  of  the  colonies  to  whom  such  a 
manual  of  practical  recipes  will  be  invaluable.  .  .  .  This  manual  is  not  a  mere  collection  of  re- 
cipes for  the  various  purposes  to  which  they  may  be  applied,  but  it  is  also  replete  with  instruc- 
tions concerning  the  nature  of  the  materials  recommended  to  be  used  in  making  up  the  recipes. 
.  .  .  We  think  every  intelligent  leather  man  should  avail  himself  of  the  manual.  It  is  un- 
doubtedly a  valuable  contribution  to  the  technology  of  the  leather  trade." — Australian  Leather 
Journal  and  Boot  and  Shoe  Recorder. 

PRACTICAL  TREATISE  ON  THE  LEATHER  IN- 
DUSTRY. By  A.  M.  VILLON.  A  Translation  of  Villon's 
"  Traite  Pratique  de  la  Fabrication  des  cuirs  et  du  Travail  des  Peaux  ". 
By  FRANK  T.  ADDYMAN,  B.Sc.  (Lond.),  F.I.C.,  F.C.S. ;  and  Corrected 
by  an  Eminent  Member  of  the  Trade.  500  pp.,  royal  8vo.  1901.  123 
Illustrations.  Price  21s. ;  India  and  Colonies,  22s.  ;  Other  Countries, 
23s.  6d. ;  strictly  net. 

Contents. 

Preface — Translator's  Preface — List  of  Illustrations. 

Part  I.,  Materials  used  in  Tanning-— Chapter  I.,  Skins:  I.,  Skin  and  its  Structure;  II., 
Skins  used  in  Tanning;  III.,  Various  Skins  and  their  Uses — Chapter  II.,  Tannin  and  Tanning 
Substances:  I.,  Tannin;  II.,  Barks  (Oak);  III.,  Barks  other  than  Oak;  IV.,  Tanning 
Woods;  V.,  Tannin-bearing  Leaves;  VI.,  Excrescences;  VII.,  Tan-bearing  Fruits;  VIII., 
Tan-bearing  Roots  and  Bulbs;  IX.,  Tanning  Juices ;  X.,  Tanning  Substances  used  in  Various 
Countries;  XL,  Tannin  Extracts;  XII.,  Estimation  of  Tannin  and  Tannin  Principles. 

Part  II.,  Tanmng— Chapter  I.,  The  Installation  of  a  Tannary:  I.,  Tan  Furnaces;  II., 
Chimneys,  Boilers,  etc.;  III.,  Steam  Engines — Chapter  II.,  Grinding  and  Trituration  of 
Tanning  Substances:  I.,  Cutting  up  Bark;  II.,  Grinding  Bark;  III.,  The  Grinding  of  Tan 
Woods;  IV.,  Powdering  Fruit,  Galls  and  Grains;  V.,  Notes  on  the  Grinding  of  Bark— Chap- 
ter III.,  Manufacture  of  Sole  Leather:  I.,  Soaking;  II.,  Sweating  and  Unhairing;  III., 
Plumping  and  Colouring;  IV.,  Handling;  V.,  Tanning;  VI.,  Tanning  Elephants'  Hides; 
VII.,  Drying;  VIII.,  Striking  or  Pinning — Chapter  IV.,  Manufacture  of  Dressing  Leather: 
I.,  Soaking;  II.,  Depilation ;  III.,  New  Processes  for  the  Depilation  of  Skins;  IV.,  Tanning; 
V.,  Cow  Hides;  VI.,  Horse  Hides;  VII.,  Goat  Skins;  Manufacture  of  Split  Hides— Chap 
ter  V.,  On  Various  Methods  of  Tanning:  I.,  Mechanical  Methods;  II.,  Physical  Methods; 
III.,  Chemical  Methods;  IV.,  Tanning  with  Extracts— Chapter  VI.,  Quantity  and  Quality: 
I.,  Quantity;  II.,  Net  Cost;  III.,  Quality  of  Leather — Chapter  VII.,  Various  Manipulations 
of  Tanned  Leather:  I.,  Second  Tanning;  II.,  Grease  Stains;  III.,  Bleaching  Leather;  IV., 
Waterproofing  Leather;  V.,  Weighting  Tanned  Leather;  VI.,  Preservation  of  Leather — 
Chapter  VIII.,  Tanning  Various  Skins. 

Part  III.,  Currying— Chapter  I.,  Waxed  Calf:  I.,  Preparation;  II.,  Shaving;  III., 
Stretching  or  Slicking;  IV.,  Oiling  the  Grain;  V.,  Oiling  the  Flesh  Side;  VI.,  Whitening  and 
Graining;  VII.,  Waxing;  VIII.,  Finishing;  IX.,  Dry  Finishing;  X.,  Finishing  in  Colour; 
XL,  Cost— Chapter  II.,  White  Calf:  I.,  Finishing  in  White— Chapter  III.,  Cow  Hide  for 
Upper  Leathers:  I.,  Black  Cow  Hide;  II.,  White  Cow  Hide;  III.,  Coloured  Cow  Hide.— 
Chapter  IV.,  Smooth  Cow  Hide— Chapter  V.,  Black  Leather— Chapter  VI.,  Miscellaneous 
Hides:  I.,  Horse;  II.,  Goat;  III.,  Waxed  Goat  Skin;  IV.,  Matt  Goat  Skin— Chapter  VIIn 
Russia  Leather:  I.,  Russia  Leather;  II..  Artificial  Russia  Leather. 
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Part  IV.,  Enamelled,  Hungary  and  Chamoy  Leather,  Morocco,  Parchment,  Purs 
and  Artificial  Leather— Chapter  I.,  Enamelled  Leather:  I.,  Varnish  Manufacture;  II., 
Application  of  the  Enamel;  III.,  Enamelling  in  Colour — Chapter  II.,  Hungary  Leather:  I., 
Preliminary;  II.,  Wet  Work  or  Preparation;  III.,  Aluming;  IV.,  Dressing  or  Loft  Work; 
V.,  Tallowing;  VI.,  Hungary  Leather  from  Various  Hides— Chapter  III.,  Tawing:  I.,  Pre- 
paratory Operations;  II.,  Dressing;  III.,  Dyeing  Tawed  Skins;  IV.,  Rugs— Chapter  IV., 
Chamoy  Leather — Chapter  V.,  Morocco:  I.,  Preliminary  Operations;  II.,  Morocco  Tanning; 
III.,  Mordants  used  in  Morocco  Manufacture;  IV.,  Natural  Colours  used  in  Morocco 
Dyeing;  V.,  Artificial  Colours ;  VI.  Different  Methods  of  Dyeing;  VII.,  Dyeing  with  Natural 
Colours;  VIII.,  Dyeing  with  Aniline  Colours;  IX.,  Dyeing  with  Metallic  Salts;  X.,  Leather 
Printing;  XL,  Finishing  Morocco;  XII.,  Shagreen;  XIII.,  Bronzed  Leather— Chapter  VI., 
Gilding  and  Silvering:  I.,  Gilding;  II.,  Silvering;  III.,  Nickel  and  Cobalt— Chapter  VII., 
Parchment — Chapter  VIII.,  Furs  and  Furriery:  I.,  Preliminary  Remarks;  II.,  Indigenous 
Furs;  III.,  Foreign  Furs  from  Hot  Countries;  IV.  Foreign  Furs  from  Cold  Countries;  V., 
Furs  from  Birds'  Skins;  VI.,  Preparation  of  Furs;  VII.,  Dressing;  VIII.,  Colouring;  IX., 
Preparation  of  Birds'  Skins;  X.,  Preservation  of  Furs— Chapter  IX.,  Artificial  Leather:  I., 
Leather  made  from  Scraps;  II.,  Compressed  Leather;  III.,  American  Cloth;  IV.,  Papier 
Mach6 ;  V.,  Linoleum  ;  VI.,  Artificial  Leather. 

Part  V.,  Leather  Testing  and  the  Theory  of  Tanning— Chapter  I.,  Testing  and  Analysis 
of  Leather:  I.,  Physical  Testing  of  Tanned  Leather;  II.,  Chemical  Analysis — Chapter  II., 
The  Theory  of  Tanning  and  the  other  Operations  of  the  Leather  and  Skin  Industry :  I., 
Theory  of  Soaking;  II.,  Theory  of  Unhairing;  III.,  Theory  of  Swelling;  IV.,  Theory  of 
Handling;  V.  Theory  of  Tanning;  VI.,  Theory  of  the  Action  of  Tannin  on  the  Skin;  VII., 
Theory  of  Hungary  Leather  Making;  VIII.,  Theory  of  Tawing;  IX.,  Theory  of  Chamoy 
Leather  Making ;  X.,  Theory  of  Mineral  Tanning. 

Part  VI.,  Uses  of  Leather— Chapter  I.,  Machine  Belts:  I.,  Manufacture  of  Belting;  II., 
Leather  Chain  Belts;  III.,  Various  Belts,  IV.,  Use  of  Belts— Chapter  II.,  Boot  and  Shoe- 
making:  I.,  Boots  and  Shoes;  II.,  Laces — Chapter  III.,  Saddlery:  I.,  Composition  of  a 
Saddle;  II.,  Construction  of  a  Saddle— Chapter  IV.,  Harness:  I.,  The  Pack  Saddle;  II., 
Harness— Chapter  V.,  Military  Equipment— Chapter  VI.,  Glove  Making— Chapter  VII., 
Carriage  Building— Chapter  VIII.,  Mechanical  Uses. 

Appendix,  The  World's  Commerce  in  Leather — I.,  Europe;  II.,  America;  III.,  Asia; 
IV.,  Africa;  Australasia — Index. 

Press  Opinions. 

"The  book  is  well  and  lucidly  written.  The  writer  is  evidently  a  practical  man,  who  also 
has  taken  the  trouble  to  make  himself  acquainted  with  the  scientific  and  technical  side  of  his 
trade.  .  .  .  French  methods  differ  largely  from  our  own ;  sometimes  we  think  our  ways  the 
best,  but  not  always.  The  practical  man  may  pick  up  many  useful  hints  which  may  help  him 
to  improve  his  methods." — Shoe  Manufacturers'  Monthly  Journal. 

"  This  book  cannot  fail  to  be  of  great  value  to  all  engaged  in  the  leather  trades.  .  .  .  The 
British  may  believe  that  the  French  can  teach  them  nothing  in  the  work  of  leather  tanning 
generally,  but  a  comparison  of  the  methods  of  the  two  countries  will  certainly  yield  a  few 
•wrinkles  which  may  lead  to  advantageous  results.  Only  a  man  understanding  the  science  and 
technique  of  the  trade  could  have  written  the  book,  and  it  is  well  done." — Midland  Free  Press. 

"  Gives  much  useful  and  interesting  information  concerning  the  various  processes  by  which 
the  skins  of  animals  are  converted  into  leather.  Written  by  a  French  Chemist  after  five 
years  of  constant  study  and  application ;  it  shows  all  that  detail  of  analysis  which  we  are 
accustomed  to  find  in  scientists,  and  which  the  practical  tanner  is  too  much  in  the  habit  of 
ignoring,  sometimes  to  his  own  loss." — Leeds  Mercury. 

"Nor  can  there  be  much  doubt  that  this  expectation  will  be  fully  justified  by  the  result. 
Thanks  to  the  conspicuous  painstaking  with  which  Mr.  Addyman  has  discharged  his  duty,  and 
the  123  illustrations  by  which  the  text  is  elucidated,  the  volume  can  hardly  fail  to  prove  a  very 
valuable  standard  work  of  its  class.  It  can  thus  be  confidently  recommended  to  all  who  are 
more  or  less  practically  interested  in  the  technology  of  a  very  important  subject." — Leicester 
Post. 

"This  is,  in  every  respect,  an  altogether  admirable,  practical,  clear  and  lucid  treatise  on 
the  various  and  numerous  branches  of  the  great  leather  industry,  of  which  it  deals  in  an  ex- 
haustive, highly  intelligent,  workmanlike  and  scientific  manner.  ...  It  is  a  handsome  addition 
to  every  man's  knowledge  of  his  trade,  whether  he  be  a  leading  director  of  a  large  public  com- 
pany, or  an  industrious  employee  in  the  works,  wishing  to  improve  his  services  by  the  addition 
of  his  brains  to  his  work." — Shoe  and  Leather  Trader. 

"  M.  Villon  writes  as  one  having  a  very  full  knowledge  of  all  branches  of  the  subject,  and  in 
days  when  foreign  competition  has  enforced  on  English  manufacturers  the  importance  of  no 
longer  being  content  with  rule-of-thumb  methods  which  have  come  down  to  them  from  their 
forefathers  it  certainly  should  be  worth  the  while  of  English  tanners  to  see  what  lessons  they 
can  learn  from  French  practice,  and  French  practice,  we  should  imagine,  could  hardly  have  a 
better  exponent  than  the  author  of  this  large  volume." — Western  Daily  Press  and  Bristol  Times. 

"At  a  time  when  all  or  nearly  all  our  British  industries  are  to  a  greater  or  less  extent 
hampered  by  the  pressure  of  continental  and  American  competition,  any  hints  that  can  be 
obtained  as  to  the  methods  pursued  by  competitors  must  necessarily  be  of  value.  .  .  .  That  it 
will  be  of  interest  and  value,  not  merely  to  English  tanners,  but  to  those  associated  with  many 
kindred  industrial  branches,  goes  without  saying.  ...  As  a  work  of  reference  the  volume  will 
be  extremely  useful  in  the  trade,  and  where  leisure  affords  sufficient  opportunity  a  careful 
perusal  and  study  of  it  would  afford  ample  reward." — KMering  Guardian. 

"This  is  a  very  handsomely  got  up  and  elaborate  work  just  issued  by  this  well-known 
technical  book-publishing  firm.  .  .  .  When  we  say  that  the  work  consists  of  over  500  large 
pages  with  about  120  illustrations,  and  almost  innumerable  tables,  it  will  be  seen  at  once  that 
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we  cannot  attempt  anything  like  an  exhaustive  resume  of  its  contents,  and  even  if  we  did  the 
details  would  be  of  little  interest  to  our  general  readers,  while  those  who  are  engaged  in  the 
leather  industry  will  probably  obtain  the  book  for  themselves — at  least  they  would  do  well  to 
do  so.  ...  Altogether  the  '  Treatise '  has  evidently  been  very  carefully  prepared,  and  by  a  man 
who  thoroughly  knows  the  subject,  and  hence  it  will  be  a  very  valuable  technical  book  for 
English  firms  and  workers.' — Walsall  Observer. 

Books  on  Pottery,  Bricks, 
Tiles,  Glass,  etc. 

THE    MANUAL    OF    PRACTICAL   POTTING.      Revised 
and  Enlarged.     Third   Edition.      200  pp.     1901.     Price  17s.  6d.;  India 
and  Colonies,  18s.  6d.  ;  Other  Countries,  20s.  ;  strictly  net. 
Contents. 

Introduction.  The  Rise  and  Progress  of  the  Potter's  Art.— Chapters  I.,  Bodies.  China 
and  Porcelain  Bodies,  Parian  Bodies,  Semi-porcelain  and  Vitreous  Bodies,  Mortar  Bodies, 
Earthenwares  Granite  and  C.C.  Bodies,  Miscellaneous  Bodies,  Sagger  and  Crucible  Clays, 
Coloured  Bodies,  Jasper  Bodies,  Coloured  Bodies  for  Mosaic  Painting,  Encaustic  Tile  Bodies, 
Body  Stains,  Coloured  Dips. — II.,  Glazes.  China  Glazes,  Ironstone  Glazes,  Earthenware 
Glazes,  Glazes  without  Lead,  Miscellaneous  Glazes,  Coloured  Glazes,  Majolica  Colours. — III., 
Gold  and  Cold  Colours.  Gold,  Purple  of  Cassius,  Marone  and  Ruby,  Enamel  Coloured 
Bases,  Enamel  Colour  Fluxes,  Enamel  Colours,  Mixed  Enamel  Colours,  Antique  and  Vellum 
Enamel  Colours,  Underglaze  Colours,  Underglaze  Colour  Fluxes,  Mixed  Underglaze  Colours, 
Flow  Powders,  Oils  and  Varnishes.— IV.,  Means  and  Methods.  Reclamation  of  Waste 
Gold,  The  Use  of  Cobalt,  Notes  on  Enamel  Colours,  Liquid  or  Bright  Gold.— V.,  Classification 
and  Analysis.  Classification  of  Clay  Ware,  Lord  Playfair's  Analysis  of  Clays,  The  Markets 
of  the  World,  Time  and  Scale  of  Firing,  Weights  of  Potter's  Material,  Decorated  Goods 
Count. — VI.,  Comparative  Loss  of  Weight  of  Clays. — VII.,  Ground  Felspar  Calculations. — 
VIII.,  The  Conversion  of  Slop  Body  Recipes  into  Dry  Weight.— IX.,  The  Cost  of  Prepared 


Earthenware  Clay.— X.,  Forms  and  Tables.  Articles  of  Apprenticeship,  Manufacturer's 
Guide  to  Stocktaking,  Table  of  Relative  Values  of  Potter's  Materials,  Hourly  Wages  Table. 
Workman's  Settling  Table,  Comparative  Guide  for  Earthenware  and  China  Manufacturers 


the  use  of  Slop  Flint  and  Slop  Stone,  Foreign  Terms  applied  to  Earthenware  and  China 
Goods,  Table  for  the  Conversion  of  Metrical  Weights  and  Measures  on  the  Continent  of  South 
America.  Index. 

CERAMIC  TECHNOLOGY  :  Being  some  Aspects  of  Tec^ 
nical  Science  as  Applied  to  Pottery  Manufacture.  Edited  by  CHARLES 
F.  BINNS.  100pp.  1897.  Pricel2s.  6d. ;  India  and  Colonies,  13s.  6d. ; 
Other  Countries,  15s.  ;  strictly  net. 

Contents. 

Preface. — Introduction. — Chapters  I.,  The  Chemistry  of  Pottery. — II.,  Analysis  and  Syn- 
thesis.—III.,  Clays  and  their  Components.— IV.,  The  Biscuit  Oven.— V.,  Pyrometry.— VI., 
Glazes  and  their  Composition. — VII.,  Colours  and  Colour-making. — Index. 

RECIPES  FOR  FLINT  GLASS  MAKING.  By  a  British 
Glass  Master  and  Mixer.  Sixty  Recipes.  Being  Leaves  from  the 
Mixing  Book  of  several  experts  in  the  Flint  Glass  Trade,  containing 
up-to-date  recipes  and  valuable  information  as  to  Crystal,  Demi-crystal 
and  Coloured  Glass  in  its  many  varieties.  It  contains  the  recipes  for 
cheap  metal  suited  to  pressing,  blowing,  etc.,  as  well  as  the  most  costly 
crystal  and  ruby.  British  manufacturers  have  kept  up  the  quality  of 
this  glass  from  the  arrivals  of  the  Venetians  to  Hungry  Hill,  Stour- 
bridge,  up  to  the  present  time.  The  book  also  contains  remarks  as 
to  the  result  of  the  metal  as  it  left  the  pots  by  the  respective  metal 
mixers,  taken  from  their  own  memoranda  upon  the  originals.  1900. 
Price  for  United  Kingdom,  10s.  6d. ;  Abroad.  15s. ;  United  States,  §4  ; 
strictly  net. 

Contents. 

Ruby — Ruby  from  Copper — Flint  for  using  with  the  Ruby  for  Coating — A  German  Metal — 
Cornelian,  or  Alabaster — Sapphire  Blue — Crysophis — Opal — Turquoise  Blue — Gold  Colour — 
Dark  Green— Green  (common)— Green  for  Malachite— Blue  for  Malachite— Black  for  Mela- 
chite — Black — Common  Canary  Batch — Canary — White  Opaque  Glass — Sealing-wax  Red — 
Flint— Flint  Glass  (Crystal  and  Demi)— Achromatic  Glass— Paste  Glass— White  Enamel- 
Firestone — Dead  White  (for  moons) — White  Agate — Canary — Canary  Enamel — Index. 
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COLOURING  AND  DECORATION  OF  CERAMIC 
WARE.  By  ALEX.  BRONGNIART.  With  Notes  and  Additions 
by  ALPHONSE  SALVETAT.  Translated  from  the  French.  200  pp.  1898. 
Price  7s.  6d. ;  India  and  Colonies,  8s.  ;  Other  Countries,  8s.  6d. ; 
strictly  net. 

Contents. 

The  Pastes,  Bodies  or  Ceramic  Articles  Capable  of  being  Decorated  by  Verifiable  Colours 
— The  Chemical  Preparation  of  Vitrifiable  Colours — Composition  and  Preparation  of  Verifiable 
Colours — The  Oxides — Preparation  of  Oxides — Preparation  of  Chromates — Preparation  of 
other  Colours — Composition  and  Preparation  of  Fluxes — Muffle  Colours — Recipes  for  Colours 
— Use  of  Metals — Lustres — Preparation  and  Application  of  Colours — Composition  of  Coloured 
Pastes — Underglaze  Colours — Colours  in  the  Glaze — Overglaze  Colours — Painting  in  Vitri- 
fiable Colours — Gilding — Burnishing — Printing — Enlarging  and  Reducing  Gelatine  Prints — 
Muffle  Kilns  for  Vitrifiable  Colours— Influence  of  the  Material  on  the  Colour— Changes  Re- 
sulting from  the  Actions  of  the  Fire — Alterations  Resulting  from  the  Colours — Alterations  in 
Firing. 

HOW  TO  ANALYSE  CLAY.  Practical  Methods  for  Prac- 
tical Men.  By  HOLDEN  M.  ASHBY,  Professor  of  Organic  Chemistry, 
Harvey  Medical  College,  U.S.A.  Twenty  Illustrations.  1898.  Price 
2s.  6d. ;  Abroad,  3s.  ;  strictly  net. 

Contents. 

List  of  Apparatus — List  of  Atomic  Weights — Use  of  Balance,  and  Burette,  Sand  Bath,  and 
Water  Bath — Dessicator — Drying  Oven — Filtering — Fusion — Determination  of  Water,  Organic 
Matter,  Iron,  Calcium,  Alkalies,  Limestone,  Silica,  Alumina,  Magnesium,  etc. — Mechanical 
Analysis — Rational  Analysis — Standard  Solutions — Volumetric  Analysis — Standards  for  Clay 
Analysis — Sampling. 

ARCHITECTURAL  POTTERY.  Bricks,  Tiles,  Pipes,  Ena- 
melled Terra-cottas,  Ordinary  and  Incrusted  Quarries,  Stoneware 
Mosaics,  Faiences  and  Architectural  Stoneware.  By  LEON  LEFEVRE. 
With  Five  Plates.  950  Illustrations  in  the  Text,  and  numerous  estimates. 
500  pp.,  royal  8vo.  1900.  Translated  from  the  French  by  K.  H.  BIRD, 
M.A.,  and  W.  MOORE  BINNS.  Price  15s. ;  India  and  Colonies,  16s.  ; 
Other  Countries,  17s.  6d. ;  strictly  net. 
Contents. 

Part  I.  Plain  Undecorated  Pottery.— Chapter  I.,  Clays:  §  1,  Classification,  General  Geo- 
logical Remarks. — Classification,  Origin,  Locality ;  §  2,  General  Properties  and  Composition  : 
Physical  Properties,  Contraction,  Analysis,  Influence  of  Vartous  Substances  on  the  Properties 
of  Clays ;  §  3,  Working  of  Clay-Pits— I.  Open  Pits  :  Extraction,  Transport,  Cost— II.  Under- 
ground Pits — Mining  Laws.  Chapter  II.,  Preparation  of  the  Clay  :  Weathering,  Mixing, 
Cleaning,  Crushing  and  Pulverising — Crushing  Cylinders  and  Mills,  Pounding  Machines — 
Damping :  Damping  Machines — Soaking,  Shortening,  Pugging :  Horse  and  Steam  Pug-Mills, 
Rolling  Cylinders— Particulars  of  the  Above  Machines.  Chapter  III.,  Bricks :  §  1,  Manufacture 
— (1)  Hand  and  Machine  Moulding. — I.  Machines  Working  by  Compression  :  on  Soft  Clay,  on 
Semi-Firm  Clay,  on  Firm  Clay,  on  Dry  Clay. — II.  Expression  Machines  :  with  Cylindrical  Pro- 
pellers, with  Screw  Propellers— Dies — Cutting-tables — Particulars  of  the  Above  Machines — 
General  Remarks  on  the  Choice  of  Machines*— Types  of  Installations — Estimates — Plenishing, 
Hand  and  Steam  Presses,  Particulars — (2)  Drying,  by  Exposure  to  Air,  Without  Shelter,  and 
Under  Sheds — Drying-rooms  in  Tiers,  Closed  Drying-rooms,  in  Tunnels,  in  Galleries — De- 
tailed Estimates  of  the  Various  Drying-rooms,  Comparison  of  Prices — Transport  from 
the  Machines  to  the  Drying-rooms,  Barrows,  Trucks,  Plain  or  with  Shelves,  Lifts — (3)  Firing 
— I.  In  Clamps — II.  In  Intermittent  Kilns.  A,  Open:  a,  using  Wood;  b  Coal;  b',  in  Clamps; 
b",  Flame — B,  Closed:  c,  Direct  Flame;  c',  Rectangular;  c",  Round;  d,  Reverberatory — III. 
Continuous  Kilns :  C,  with  Solid  Fuel :  Round  Kiln,  Rectangular  Kiln,  Chimneys  (Plans  and 
Estimates)—!),  With  Gas  Fuel,  Fillard  Kiln  (Plans  and  Estimates),  Schneider  Kiln  (Plans  and 
Estimates),  Water-gas  Kiln — Heat  Production  of  the  Kilns ;  §  2,  Dimensions,  Shapes,  Colours, 
Decoration,  and  Quality  of  Bricks — Hollow  Bricks,  Dimensions  and  Prices  of  Bricks,  Various 
Shapes,  Qualities — Various  Hollow  Bricks,  Dimensions,  Resistance,  Qualities ;  8  3,  Applications 
— History — Asia,  Africa,  America,  Europe :  Greek,  Roman,  Byzantine,  Turkish,  Romanesque, 
Gothic,  Renaissance,  Architecture — Architecture  of  the  Nineteenth  Century:  in  Germany, 
England,  Belgium,  Spain,  Holland,  France,  America — Use  of  Bricks — Walls,  Arches,  Pavements, 
Flues,  Cornices — Facing  with  Coloured  Bricks — Balustrades.  Chapter  IV.,  Tiles:  8  1,  His- 
tory; §  2,  Manufacture — (1)  Moulding,  by  Hand,  by  Machinery:  Preparation  of  the  Clay,  Soft 
Paste,  Firm  Paste,  Hard  Paste — Preparation  of  the  Slabs,  Transformation  into  Flat  Tiles,  into 
Jointed  Tiles— Screw,  Cam  and  Revolver  Presses— Particulars  of  Tile-presses— (2)  Drying— 
Planchettes,  Shelves,  Drying-barrows  and  Trucks — (3)  Firing — Divided  Kilns — Installation  of 
Mechanical  Tileworks — Estimates ;  §  3,  Shapes,  Dimensions  and  Uses  of  the  Principal  Types 
of  Tile— Ancient  Tiles:  Flat,  Round,  Roman,  Flemish— Modern  Tiles— With  Vertical  Inter- 
rupted Join :  Gilardoni's,  Martin's ;  Hooked,  Boulet's  Villa ;  with  Vertical  Continuous  Join  : 
Muller's,  Alsace,  Pantile— Foreign  Tiles— Special  Tiles— Ridge  Tiles,  Coping  Tiles,  Border 
Tiles,  Frontons,  Gutters,  Antefixes,  Membron,  Angular — Roofing  Accessories :  Chimney-pots, 
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Mitrons,  Lanterns,  Chimneys— Qualities  of  Tiles— Black  Tiles— Stoneware  Tiles— Particulars 
of  Tiles.  Chapter  V.,  Pipes:  I.  Conduit  Pipes  —  Manufacture — Moulding  :  Horizontal 
Machines,  Vertical  Machines,  Worked  by  Hand  and  Steam — Particulars  of  these  Machines 
—Drying— Firing— II.  Chimney  Flues— Ventiducts  and  "  Botsseaux,"  "  Waggons  "—Particulars 
of  these  Products.  Chapter  VI.,  Quarries:  1,  Plain  Quarries  of  Ordinary  Clay;  2,  of  Cleaned 
•Clay— Machines,  Cutting,  Mixing,  Polishing— Drying  and  Firing— Applications— Particulars  of 
Quarries.  Chapter  VII.,  Terra-cotta  :  History — Manufacture — Application  :  Balustrades, 
•Columns,  Pilasters,  Capitals,  Friezes,  Frontons,  Medallions,  Panels,  Rose-windows,  Ceilings 
— Appendix :  Official  Methods  of  Testing  Terra-cottas. 

Part  II.  Made = up  or  Decorated  Pottery.— Chapter  I.,  General  Remarks  on  the  Deco- 
ration of  Pottery :  Dips — Glazes  :  Composition,  Colouring,  Preparation,  Harmony  with 
Pastes — Special  Processes  of  Decoration — Enamels,  Opaque,  Transparent,  Colours,  Under- 
glaze,  Over-glaze — Other  Processes  :  Crackling,  Mottled,  Flashing,  Metallic  Iridescence, 
Lustres.  Chapter  II.,  Glazed  and  Enamelled  Bricks— History :  Glazing— Enamelling— Appli- 
cations:  Ordinary  Enamelled  Bricks,  Glazed  Stoneware,  Enamelled  Stoneware — Enamelled 
Tiles.  Chapter  III.,  Decorated  Quarries:  I.  Paving  Quarries— 1,  Decorated  with  Dips— 2, 
Stoneware:  A,  Fired  to  Stoneware;  a,  of  Slag  Base — Applications;  6,  of  Melting  Clay — 
Applications— B,  Plain  or  Incrusted  Stoneware;  a,  of  Special  Clay  (Stoke-on-Trent)— Manu- 
facture— Application — b,  of  Felspar  Base — Colouring,  Manufacture,  Moulding,  Drying,  Firing 
— Applications. — II.  Facing  Quarries — 1,  in  Faience — A,  of  Limestone  Paste — B,  of  Silicious 
Paste— C,  of  Felspar  Paste— Manufacture,  Firing— 2,  of  Glazed  Stoneware— 3,  of  Porcelain- 
Applications  of  Facing  Quarries. — III.  Stove  Quarries — Preparation  of  the  Pastes,  Moulding, 
Firing,  Enamelling,  Decoration— Applications— Faiences  for  Fireplaces.  Chapter  IV.,  Archi- 
tectural Decorated  Pottery:  §  1,  Faiences;  §  2,  Stoneware;  §  3,  Porcelain.  Chapter  V., 
Sanitary  Pottery:  Stoneware  Pipes:  Manufacture,  Firing— Applications— Sinks— Applications 
— Urinals,  Seats  and  Pans — Applications — Drinking-fountains,  Washstands.  Index. 

A   TREATISE   ON   THE    CERAMIC    INDUSTRIES.      A 

Complete  Manual  for  Pottery,  Tile  and  Brick  Works.  By  EMILE 
BOURRY,  Ingenieur  des  Arts  et  Manufactures.  Translated  from  the 
French  by  WILTON  P.  Rix,  Examiner  in  Pottery  and  Porcelain  to  the 
City  and  Guilds  of  London  Technical  Institute,  Pottery  Instructor  to 
the  Hanley  School  Board.  Royal  8vo.  1901.  Over  700  pp.  Price 
21s. ;  India  and  Colonies,  22s.  ;  Other  Countries,  23s.  6d.  ;  strictly  net. 
Contents. 

Part  I.,  General  Pottery  Methods.  Chapters  I.,  Definition  and  History.  Definitions 
.and  Classification  of  Ceramic  Products — Historic  Summary  of  the  Ceramic  Art. — II.,  Raw 
Materials  of  Bodies.  Clays  :  Pure  Clay  and  Natural  Clays — Various  Raw  Materials :  Analogous 
to  Clay — Agglomerative  and  Agglutinative— Opening — Fusible — Refractory — Trials  of  Raw 
Materials. — III.,  Plastic  Bodies.  Properties  and  Composition — Preparation  of  Raw  Materials : 
Disaggregation — Purification — Preparation  of  Bodies  :  By  Plastic  Method — By  Dry  Method — 
By  Liquid  Method. — IV.,  Formation.  Processes  of  Formation  :  Throwing — Expression — 
Moulding  by  Hand,  on  the  Jolley,  by  Compression,  by  Slip  Casting — Slapping — Slipping. — V., 
Drying.  Drying  of  Bodies — Processes  of  Drying  :  By  Evaporation — By  Aeration — By 
Heating — By  Ventilation — By  Absorption. — VI.,  Glazes.  Composition  and  Properties — Raw 
Materials — Manufacture  and  Application. — VII.,  Firing.  Properties  of  the  Bodies  and  Glazes 
•during  Firing — Description  of  the  Kilns — Working  of  the  Kilns. — VIII.,  Decoration.  Colouring 
Materials — Processes  of  Decoration. 

Part  II.,  Special  Pottery  Methods.  Chapters  IX.,  Terra  Cottas.  Classification: 
Plain  Ordinary,  Hollow,  Ornamental,  Vitrified,  and  Light  Bricks — Ordinary  and  Black  Tiles — 
Paving  Tiles— Pipes— Architectural  Terra  Cottas— Vases,  Statues  and  Decorative  Objects- 
Common  Pottery — Pottery  for  Water  and  Filters — Tobacco  Pipes — Lustre  Ware — Properties 
and  Tests  for  Terra  Cottas.— X.,  Fireclay  Goods.  Classification:  Argillaceous,  Aluminous, 
Carboniferous,  Silicious  and  Basic  Fireclay  Goods — Fireclay  Mortar  (Pug) — Tests  for  Fireclay 
Goods. — XL,  Faiences.  Varnished  Faiences — Enamelled  Faiences — Silicious  Faiences — Pipe- 
clay Faiences — Pebble  Work — Feldspathic  Faiences — Composition,  Processes  of  Manufacture1 
and  General  Arrangements  of  Faience  Potteries. — XII.,  Stoneware.  Stoneware  Properly  So- 
called :  Paving  Tiles— Pipes— Sanitary  Ware— Stoneware  for  Food  Purposes  and  Chemical 
Productions — Architectural  Stoneware — Vases,  Statues  and  other  Decorative  Objects — Fine 
Stoneware. — XIII.,  Porcelain.  Hard  Porcelain  for  Table  Ware  and  Decoration,  for  the  Fire, 
for  Electrical  Conduits,  for  Mechanical  Purposes;  Architectural  Porcelain,  and  Dull  or  Biscuit 
Porcelain — Soft  Phosphated  or  English  Porcelain— Soft  Vitreous  Porcelain,  French  and  New 
Sevres— Argillaceous  Soft  or  Seger's  Porcelain— Dull  Soft  or  Parian  Porcelain— Dull  Felds- 
pathic Soft  Porcelain. — Index. 

THE     ART     OF     RIVETING      GLASS,     CHINA      AND 
EARTHENWARE.      By   J.    HOWARTH.      Second    Edition. 
Price  Is.  net;  by  post,  home  or  abroad,  Is.  Id. 
Contents. 

Tools  and  Materials  Required— Wire  Used  for  Rivets— Soldering  Solution— Preparation 
for  Drilling — Commencement  of  Drilling — Cementing — Preliminaries  to  Riveting — Rivets  to 
Make— To  Fix  the  Rivets— Through-and-through  Rivets— Soldering— Tinning  a  Soldering-iron 
— Perforated  Plates,  Handles,  etc. — Handles  of  Ewers,  etc. — Vases  and  Comports — Marble 
and  Alabaster  Ware — Decorating — How  to  Loosen  Fast  Decanter  Stoppers — China  Cements. 
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NOTES    OF   POTTERY    CLAYS.     Their  Distribution,  Pro- 
perties, Uses  and  Analyses  of  Ball   Clays,  China   Clays  and   China 
Stone.      By  JAS.  FAIRIE,  F.G.S.     1901.     132  pp.     Crown  8vo.      Price 
3s.  6d.  ;  India  and  Colonies,  4s.  ;  Other  Countries,  4s.  6d.  ;  strictly  net. 
Contents. 

Definitions — Occurrence — Brick  Clays — Fire  Clays — Analyses  of  Fire  Clays. — Ball  Clays — 
Properties — Analyses — Occurrence — Pipe  Clay — Black  Clay — Brown  Clay — Blue  Clay — Dor- 
setshire and  Devonshire  Clays. — China  Clay  or  Kaolin — Occurrence — Chinese  Kaolin — Cornish 
Clays — Hensbarrow  Granite — Properties,  Analyses  and  Composition  of  China  Clays — 
Method  of  Obtaining  China  Clay — Experiments  with  Chinese  Kaolin — Analyses  of  Chinese 
and  Japanese  Clays  and  Bodies — Irish  Clays. — Chinese  Stone — Composition — Occurrence — 
Analyses. — Index. 

PAINTING  ON  GLASS  AND  PORCELAIN  AND 
ENAMEL  PAINTING.  A  Complete  Introduction  to  the 
Preparation  of  all  the  Colours  and  Fluxes  used  for  Painting  on  Porce- 
lain, Enamel,  Faience  and  Stoneware,  the  Coloured  Pastes  and  Col- 
oured Glasses,  together  with  a  Minute  Description  of  the  Firing  of 
Colours  and  Enamels.  On  the  Basis  of  Personal  Practical  Experience 
of  the  Condition  of  the  Art  up  to  Date.  By  FELIX  HERMANN,  Technical 
Chemist.  With  Eighteen  Illustrations.  300  pp.  Translated  from  the 
German  second  and  enlarged  Edition.  1897.  Price  10s.  6d.  ;  India 
and  Colonies,  11s.;  Other  Countries,  12s.;  strictly  net. 
Contents. 

History  of  Glass  Painting.— Chapters  I.,  The  Articles  to  be  Painted  :  Glass,  Porcelain,. 
Enamel,  Stoneware,  Faience. — II.,  Pigments:  1,  Metallic  Pigments :  Antimony  Oxide,  Naples 
Yellow,  Barium  Chromate,  Lead  Chromate,  Silver  Chloride,  Chromic  Oxide.— III.,  Fluxes: 
Fluxes,  Felspar,  Quartz,  Purifying  Quartz,  Sedimentation,  Quenching,  Borax,  Boracic  Acid,. 
Potassium  and  Sodium  Carbonates,  Rocaille  Flux. — IV.,  Preparation  of  the  Colours  for  Glass 
Painting.— V.,  The  Colour  Pastes.— VI.,  The  Coloured  Glasses.— VII.,  Composition  of  the 
Porcelain  Colours. — VIII.,  The  Enamel  Colours:  Enamels  for  Artistic  Work.— IX.,  Metallic 
Ornamentation:  Porcelain  Gilding,  Glass  Gilding. — X.,  Firing  the  Colours:  1,  Remarks  on 
Firing:  Firing  Colours  on  Glass,  Firing  Colours  on  Porcelain;  2,  The  Muffle. — XI.,  Accidents 
occasionally  Supervening  during  the  Process  of  Firing. — XII.,  Remarks  on  the  Different 
Methods  of  Painting  on  Glass,  Porcelain,  etc. — Appendix:  Cleaning  Old  Glass  Paintings. 

Press  Opinions. 

"  Mr.  Hermann,  by  a  careful  division  of  his  subject,  avoids  much  repetition,  yet  makes- 
sufficiently  clear  what  is  necessary  to  be  known  in  each  art.  He  gives  very  many  formulae  ; 
and  his  hints  on  the  various  applications  of  metals  and  metallic  lustres  to  glass  and  porcelains 
will  be  found  of  much  interest  to  the  amateur." — Art  Amateur,  New  York. 

"  For  the  unskilled  and  amateurs  the  name  of  the  publishers  will  be  sufficient  guarantee  tor 
the  utility  and  excellence  of  Mr.  Hermann's  work,  even  if  they  are  already  unacquainted  with 
the  author.  .  .  .  The  whole  cannot  fail  to  be  both  of  service  and  interest  to  glass  workers  and 
to  potters  generally,  especially  those  employed  upon  high-class  work." — Staffordshire  Sentinel. 

"  In  Painting  on  Glass  and  Porcelain  the  author  has  dealt  very  exhaustively  with  the 
technical  as  distinguished  from  the  artistic  side  of  his  subject,  the  work  being  entirely  devoted 
to  the  preparation  of  the  colours,  their  application  and  firing.  For  manufacturers  and  students- 
it  will  be  a  valuable  work,  and  the  recipes  which  appear  on  almost  every  page  form  a  very 
valuable  feature.  The  author  has  gained  much  of  his  experience  in  the  celebrated  Sevres 
manufactory,  a  fact  which  adds  a  good  deal  of  authority  to  the  work." — Builders  Journal. 

"The  compiler  displays  that  painstaking  research  characteristic  of  his  nation,  and  goes  at 
length  into  the  question  of  the  chemical  constitution  of  the  pigments  and  fluxes  to  be  used  irt 
glass-painting,  proceeding  afterwards  to  a  description  of  the  methods  of  producing  coloured 
glass  of  all  tints  and  shades.  .  .  .  Very  careful  instructions  are  given  for  the  chemical  and 
mechanical  preparation  of  the  colours  used  in  glass-staining  and  porcelain-painting;  indeed, 
to  the  china  painter  such  a  book  as  this  should  be  of  permanent  value,  as  the  author  claims  to- 
have  tested  and  verified  every  recipe  he  includes,  and  the  volume  also  comprises  a  section  de- 
voted to  enamels  both  opaque  and  translucent,  and  another  treating  of  the  firing  of  porcelain, 
and  the  accidents  that  occasionally  supervene  in  the  furnace." — Daily  Chronicle, 

A  Reissue  of 

THE  HISTORY  OF  THE  STAFFORDSHIRE  POTTER- 
IES;  AND  THE  RISE  AND  PROGRESS  OF  THE 
MANUFACTURE  OF  POTTERY  AND  PORCELAIN. 

With  References  to  Genuine  Specimens,  and  Notices  of  Eminent  Pot- 
ters. By  SIMEON  SHAW.  (Originally  Published  in  1829.)  265  pp. 
1900.  Demy  8vo.  Price  7s.  6d. ;  India  and  Colonies,  8s. ;  Other 
Countries,  8s.  6d.  ;  strictly  net. 
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Contents. 

Introductory  Chapter  showing  the  position  of  the  Pottery  Trade  at  the  present  time 
1899).— Chapters  I.,  Preliminary  Remarks.— II.,  The  Potteries,  comprising  Tunstall, 
Brownhills,  Greenfield  and  New  Field,  Golden  Hill,  Latebrook,  Green  Lane,  Burslem,  Long- 
port  and  Dale  Hall,  Hot  Lane  and  Cobridge,  Hanley  and  Shelton,  Etruria,  Stoke,  Penkhull, 
Fenton,  Lane  Delph,  Foley,  Lane  End. — III.,  On  the  Origin  of  the  Art,  and  its  Practice 
among  the  early  Nations.— IV.,  Manufacture  of  Pottery,  prior  to  1700.— V.,  The  Introduc  = 
don  of  Red  Porcelain  by  Messrs.  Elers,  of  Bradwell,  1690.— VI.,  Progress  of  the  Manu  = 
acture  from  1700  to  Mr.  Wedgwood's  commencement  in  1760. — VII.  Introduction  of  Fluid 
Glaze. — Extension  of  the  Manufacture  of  Cream  Colour. — Mr.  Wedgwood's  Queen's  Ware. — 
Jasper,  and  Appointment  of  Potter  to  Her  Majesty. — Black  Printing. — VIII.,  Introduction 
Of  Porcelain.  Mr.  W.  Littler's  Porcelain.— Mr.  Cookworthy's  Discovery  of  Kaolin  and 
Petuntse,  and  Patent. — Sold  to  Mr.  Champion — resold  to  the  New  Hall  Com. — Extension  of 
Term.— IX.,  Blue  Printed  Pottery.  Mr.  Turner,  Mr.  Spode  (1),  Mr.  Baddeley,  Mr.  Spode 
(2),  Messrs.  Turner,  Mr.  Wood,  Mr.  Wilson,  Mr.  Minton.— Great  Change  in  Patterns  of  Blue 
Printed.— X.,  Introduction  of  Lustre  Pottery.  Improvements  in  Pottery  and  Porcelain 
subsequent  to  1800. 

Press  Opinions. 

"There  is  much  curious  and  useful  information  in  the  work,  and  the  publishers  have  rendered 
the  public  a  service  in  reissuing  it." — Burton  Mail. 

"  Copies  of  the  original  work  are  now  of  considerable  value,  and  the  facsimile  reprint  now 
issued  cannot  but  prove  of  considerable  interest  to  all  interested  in  the  great  industry." — Derby 
Mercury. 

"  The  book  will  be  especially  welcomed  at  a  time  when  interest  in  the  art  of  pottery  manu- 
facture commands  a  more  widespread  and  general  interest  than  at  any  previous  time." — 
Wolverhampton  Chronicle. 

"This  work  is  all  the  more  valuable  because  it  gives  one  an  idea  of  the  condition  of  affairs 
existing  in  the  north  of  Staffordshire  before  the  great  increase  in  work  and  population  due  to 
modern  developments." — Western  Morning  News. 

.  .  The  History  gives  a  graphic  picture  of  North  Staffordshire  at  the  end  of  the  last  and 
the  beginning  of  the  present  century,  and  states  that  in  1829  there  was  'a  busy  and  enterprising 
community  '  in  the  Potteries  of  fifty  thousand  persons.  .  .  .  We  commend  it  to  our  readers  as 
a  most  entertaining  and  instructive  publication." — Staffordshire  Sentinel. 

A  Reissue  of 

THE  CHEMISTRY  OF  THE  SEVERAL  NATURAL 
AND  ARTIFICIAL  HETEROGENEOUS  COM- 
POUNDS USED  IN  MANUFACTURING  POR- 
CELAIN, GLASS  AND  POTTERY.  By  SIMEON  SHAW. 
(Originally  published  in  1837.)  750  pp.  1900.  Royal  8vo.  Price  14s. ; 
India  and  Colonies,  15s.  ;  Other  Countries,  16s.  6d. ;  strictly  net. 

Contents. 

PART  I.,  ANALYSIS  AND  MATERIALS.— Chapters  I.,  Introduction  :  Laboratory  and 
Apparatus ;  Elements :  Combinative  Potencies,  Manipulative  Processes  for  Analysis  and 
Reagents,  Pulverisation,  Blow-pipe  Analysis,  Humid  Analysis,  Preparatory  Manipulations, 
General  Analytic  Processes,  Compounds  Soluble  in  Water,  Compounds  Soluble  only  in  Acids, 
Compounds  (Mixed)  Soluble  in  Water,  Compounds  (Mixed)  Soluble  in  Acids,  Compounds 
Mixed)  Insoluble,  Particular  Analytic  Processes. — II.,  Temperature:  Coal,  Steam  Heat  for 
Printers'  Stoves.— III.,  Acids  and  Alkalies:  Boracic  Acid,  Muriatic  Acid,  Nitric  Acid,  Sul- 
phuric Acid,  Potash,  Soda,  Lithia,  Calculation  of  Chemical  Separations.— IV.,  The  Earths: 
Alumine,  Clays,  Silica,  Flint,  Lime,  Plaster  of  Paris,  Magnesia,  Barytes,  Felspar,  Grauen  (or 
China  Stone),  China  Clay,  Chert.— V.,  Metals  :  Reciprocal  Combinative  Potencies  of  the  Metals, 
Antimony,  Arsenic,  Chromium,  Green  Oxide,  Cobalt,  Chromic  Acid,  Humid  Separation  of 
Nickel  from  Cobalt,  Arsenite  of  Cobalt,  Copper,  Gold,  Iron,  Lead,  Manganese,  Platinum,  Silver, 
Tin,  Zinc. 

PART  II.,  SYNTHESIS  AND  COMPOUNDS.— Chapters  I.,  Sketch  of  the  Origin  and 
Progress  of  the  Art.— II.,  Science  of  Mixing  :  Scientific  Principles  of  the  Manufacture,  Com- 
binative Potencies  of  the  Earths. — III.,  Bodies:  Porcelain — Hard,  Porcelain — Fritted  Bodies, 
Porcelain— Raw  Bodies,  Porcelain— Soft,  Fritted  Bodies,  Raw  Bodies,  Stone  Bodies,  Ironstone, 
Dry  Bodies,  Chemical  Utensils,  Fritted  Jasper,  Fritted  Pearl,  Fritted  Drab,  Raw  Chemical 
Utensils,  Raw  Stone,  Raw  Jasper,  Raw  Pearl,  Raw  Mortar,  Raw  Drab,  Raw  Brown,  Raw  Fawn, 


Printed  Porcelain,  Fritted  Glazes,  Analysis  of  Fritt,  Analysis  of  Glaze,  Coloured  Glazes,  Dips, 
Smears  and  Washes ;  Glasses :  Flint  Glass,  Coloured  Glasses,  Artificial  Garnet,  Artificial 
Emerald,  Artificial  Amethyst,  Artificial  Sapphire,  Artificial  Opal,  Plate  Glass,  Crown  Glass, 
Broad  Glass,  Bottle  Glass,  Phosphoric  Glass,  British  Steel  Glass,  Glass-Staining  and  Painting, 
Engraving  on  Glass,  Dr.  Faraday's  Experiments. — V.,  Colours  :  Colour  Making,  Fluxes  or 
Solvents,  Components  of  the  Colours;  Reds,  etc.,  from  Gold,  Carmine  or  Rose  Colour, 
Purple,  Reds,  etc.,  from  Iron,  Blues,  Yellows,  Greens,  Blacks,  White,  Silver  for  Burnishing, 
Gold  for  Burnishing,  Printer's  Oil,  Lustres. 
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PART  III.,  TABLES  OF  THE  CHARACTERISTICS  OF  CHEMICAL  SUB- 
STANCES.—Preliminary  Remarks,  Oxygen  (Tables),  Sulphur  and  its  Compounds,  Nitrogen 
ditto,  Chlorine  ditto,  Bromine  ditto,  Iodine  ditto,  Fluorine  ditto,  Phosphorous  ditto,  Boron  ditto, 
Carbon  ditto,  Hydrogen  ditto,  Observations,  Ammonium  and  its  Compounds  (Tables),  Thorium 
ditto,  Zirconium  ditto,  Aluminium  ditto,  Yttrium  ditto,  Glucinum  ditto,  Magnesium  ditto, 
Calcium  ditto,  Strontium  ditto,  Barium  ditto,  Lithium  ditto,  Sodium  and  its  Compounds 
Potassium  ditto,  Observations,  Selenium  and  its  Compounds  (Tables),  Arsenic  ditto,  Chromium 
ditto,  Vanadium  ditto,  Molybdenum  ditto,  Tungsten  ditto,  Antimony  ditto,  Tellurium  ditto, 
Tantalum  ditto,  Titanium  ditto,  Silicium  ditto,  Osmium  ditto,  Gold  ditto,  Iridium  ditto,  Rhodium 
ditto,  Platinum  ditto,  Palladium  ditto,  Mercury  ditto,  Silver  ditto,  Copper  ditto,  Uranium  ditto, 
Bismuth  and  its  Compounds,  Tin  ditto,  Lead  ditto,  Cerium  ditto,  Cobalt  ditto,  Nickel  ditto, 
Iron  ditto,  Cadmium  ditto,  Zinc  ditto,  Manganese  ditto,  Observations,  Isomorphous  Groups, 
Isomeric  ditto,  Metameric  ditto,  Polymeric  ditto,  Index. 

Press  Opinions. 

"This  interesting  volume  has  been  kept  from  the  pencil  of  the  modern  editor  and  reprinted 
in  its  entirety  by  the  enterprising  publishers  of  The  Pottery  Gazette  and  other  trade  journals. 
.  .  .  There  is  an  excellent  historical  sketch  of  the  origin  and  progress  of  the  art  of  pottery 
which  shows  the  intimate  knowledge  of  classical  as  well  as  (the  then)  modern  scientific  litera- 
ture possessed  by  the  late  Dr.  Shaw ;  even  the  etymology  of  many  of  the  Staffordshire  place- 
names  is  given." — Glasgow  Herald. 

"The  historical  sketch  of  the  origin  and  progress  of  pottery  is  very  interesting  and  instruc- 
tive. The  science  of  mixing  is  a  problem  of  great  importance,  and  the  query  how  the  natural 
products,  alumina  and  silica  can  be  compounded  to  form  the  best  wares  may  be  solved  by  the 
aid  of  chemistry  instead  of  by  guesses,  as  was  formerly  the  case.  This  portion  of  the  book  may 
be  most  suggestive  to  the  manufacturer,  as  also  the  chapters  devoted  to  the  subject  of  glazes, 
glasses  and  colours." — Birmingham  Post. 

"Messrs.  Scott,  Greenwood  &  Co.  are  doing  their  best  to  place  before  the  pottery  trades, 
some  really  good  books,  likely  to  aid  the  Staffordshire  manufacturers,  and  their  spirited  enter- 
prise is  worthy  of  encouragement,  for  the  utility  of  technical  literature  bearing  upon  the 
I  ractical  side  of  potting  goes  without  saying.  .  .  .  They  are  to  be  congratulated  on  their 
enterprise  in  republishing  it,  and  we  can  only  hope  that  they  will  meet  with  the  support  they 
deserve.  It  seems  to  be  a  volume  that  is  worth  looking  through  by  both  manufacturers  and 
operatives  alike,  and  all  local  institutions,  at  any  rate,  should  secure  copies." — Staffordshire 
Sentinel. 


Paper  Making. 


THE  DYEING  OF  PAPER  PULP.  A  Practical  Treatise  for 
the  use  of  Papermakers,  Paperstainers,  Students  and  others.  By 
JULIUS  ERFURT,  Manager  of  a  Paper  Mill.  Translated  into  English 
and  Edited  with  Additions  by  JULIUS  HUBNER,  F.C.S.,  Lecturer  on 
Papermaking  at  the  Manchester  Municipal  Technical  School.  With 
Illustrations  and  157  patterns  of  paper  dyed  in  the  pulp.  Royal 
8vo,  180  pp.  1901.  Price  15s.;  India  and  Colonies,  16s.;  Other 
Countries,  20s.  ;  strictly  net.  Limited  edition. 

Contents. 

I.,  Behaviour  of  the  Paper  Fibres  during  the  Process  of  Dyeing,  Theory  of  the 
Mordant — Cotton  ;  Flax  and  Hemp ;  Esparto ;  Jute ;  Straw  Cellulose ;  Chemical  and  Mechani- 
cal Wood  Pulp;  Mixed  Fibres;  Theory  of  Dyeing.— II.,  Colour  Fixing  Mediums  (Mordants) 
— Alum;  Aluminium  Sulphate;  Aluminium  Acetate;  Tin  Crystals  (Stannous  Chloride);  Cop- 
peras (Ferrous  Sulphate);  Nitrate  of  Iron  (Ferric  Sulphate);  Pyrolignite  of  Iron  (Acetate  of 
Iron);  Action  of  Tannic  Acid;  Importance  of  Materials  containing  Tannin;  Treatment  with 
Tannic  Acid  of  Paper  Pulp  intended  for  dyeing ;  Blue  Stone  (Copper  Sulphate) ;  Potassium 
Bichromate ;  Sodium  Bichromate ;  Chalk  (Calcium  Carbonate) ;  Soda  Crystals  (Sodium  Car- 
bonate); Antimony  Potassium  Tartrate  (Tartar  Emetic). — III.,  Influence  of  the  Quality  of 
the  Water  Used.— IV.,  Inorganic  Colours— 1.  Artificial  Mineral  Colours:  Iron  Buff;  Man- 
ganese Bronze ;  Chrome  Yellow  (Chromate  of  Lead) ;  Chrome  Orange  (Basic  Chromate  of 
Lead) ;  Red  Lead ;  Chrome  Green ;  Blue  with  Yellow  Prussiate ;  Prussian  Blue ;  Method  for 
Producing  Prussian  Blue  free  from  Acid;  Ultramarine — 2  Natural  Mineral  Colours  (Earth 
Colours) :  Yellow  Earth  Colours ;  Red  Earth  Colours ;  Brown  Earth  Colours ;  Green,  Grey  and 
Black  Earth  Colours;  White  Earth  Colours;  White  Clay  (China  Clay);  White  Gypsum; 
Baryta;  Magnesium  Carbonate;  Talc,  Soapstone. — V.,  Organic  Colours — 1.  Colours  of 
Vegetable  and  Animal  Origin :  (a)  Substantive  (Direct  Dyeing)  Colouring  Matters :  Annatto ; 
Turmeric ;  Safflower ;  (b)  Adjective  (Indirect  Dyeing)  Colouring  Matters  :  Redwood  ;  Cochineal; 
Weld  ;  Persian  Berries  ;  Fustic  Extract ;  Quercitron  ;  Catechu  (Cutch) ;  Logwood  Extract— 2. 
Artificial  Organic  (Coal  Tar)  Colours:  Acid  Colours;  Basic  Colours;  Substantive  (Direct 
Dyeing)  Colours;  Dissolving  of  the  Coal  Tar  Colours;  Auramine00 ;  Naphthol  Yellow  S°; 
Quinoline  Yellow0;  Metanil  Yellow0;  Paper  Yellow0;  Azoflavine  RS°,  S°;  Cotton  Yellow 
GXX  and  Rxx;  Orange  11°;  Chrysoidine  A00,  RL°°;  Vesuvine  Extra00;  Vesuvine  BC°°;  Fast 
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Brown°,Naphthylamine  Brown0 ;  Water  Blue  IN0 ;  Water  Blue  TB° ;  Victoria  Blue  B°° ;  Methy 
lene  Blue  MD°°;  Nile  Blue  R°°;  New  Blue  S°°;  Indoine  Blue  BB°°;  Eosine442  NX;  Phloxine 
BBN  ;  Rhodamine  B°°;  Rhodamine  6G°°;  Naphthylamine  Red  G° ;  Fast  Red  A°;  Cotton 
Scarlet0;  Erythrine  RR°;  Erythrine  X°;  Erythrine  P°;  Ponceau  2  R° ;  Fast  Ponceau  G°  and 
B°;  Paper  Scarlet  P°°;  Saffranine  PP°° ;  Magenta  Powder  A00;  Acetate  of  Magenta00; 
Cerise  D  10°°;  Methyl  Violet  BB°°;  Crystal  Violet03;  Acid  Violet  3  BN°,  4  R°;  Diamond 
Green  B°°;  Nigrosine  WL°;  Coal  Black00;  Brilliant  Black  B°.— VI.,  Practical  Application 
of  the  Coal  Tar  Colours  according  to  their  Properties  and  their  Behaviour  towards 
the  Different  Paper  Fibres— Coal  Tar  Colours,  which  rank  foremost,  as  far  as  their  fastness 
to  light  is  concerned ;  Colour  Combinations  with  which  colourless  or  naarly  colourless  Back- 
water is  obtained ;  Colours  which  do  not  bleed  into  White  Fibres,  for  Blotting  and  Copying 
Paper  Pulp;  Colours  which  produce  the  best  results  on  Mechanical  Wood  and  on  Unbleached 
Sulphite  Wood;  Dyeing  of  Cotton,  Jute  and  Wool  Half-stuff  for  Mottling  White  or  Light 
Coloured  Papers;  Colours  suitable  for  Cotton;  Colours  specially  suitable  for  Jute  Dyeing; 
Colours  suitable  for  Wool  Fibres.— VII.,  Dyed  Patterns  on  Various  Pulp  Mixtures- 
Placard  and  Wrapping  Papers ;  Black  Wrapping  and  Cartridge  Papers ;  Blotting  Papers ; 
Mottled  and  Marbled  Papers  made  with  Coloured  Linen,  Cotton  and  Union  Rags,  or  with 
Cotton,  Jute,  Wool  and  Sulphite  Wood  Fibres,  dyed  specially  for  this  purpose ;  Mottling  with 
Dark  Blue  Linen ;  Mottling  with  Dark  Blue  Linen  and  Dark  Blue  Cotton ;  Mottling  with  Dark 
Blue  Cotton ;  Mottling  with  Dark  Blue  and  Red  Cotton ;  Mottling  with  Dark  Red  Cotton ; 
Mottling  of  Bleached  Stuff,  with  3  to  4  per  cent,  of  Dyed  Cotton  Fibres ;  Mottling  with  Dark 
Blue  Union  (Linen  and  Wool  or  Cotton  Warp  with  Wool  Weft);  Mottling  with  Blue  Striped 
Red  Union  ;  Mottling  of  Bleached  Stuff  with  3  to  4  per  cent,  of  Dyed  Wool  Fibres;  Mottling 
of  Bleached  Stuff  with  3  to  4  per  cent,  of  Dyed  Jute  Fibres ;  Mottling  of  Bleached  Stuff  with 
3  to  4  per  cent,  of  Dyed  Sulphite  Wood  Fibres;  Wall  Papers;  Packing  Papers.—  VIII., 
Dyeing  to  Shade— Index. 

Press   Opinions. 

"  The  book  is  one  that  is  of  value  to  every  one  connected  with  the  colouring  of  paper." — 
Paper  Trade  Journal. 

"The  great  feature  of  the  volume  is  undoubtedly  the  series  of  actual  patterns  of  dyed 
papers,  157  in  all — twelve  of  which,  made  in  England,  have  been  added  to  the  original  German 
series.  Detailed  formulae  are  given  for  the  preparation  of  the  pulp  for  each,  and  the  tints  of 
the  samples  practically  form  a  key,  by  means  of  which  the  accuracy  of  the  student's  or 
practitioner's  experiments  can  be  tested.  .  .  .  On  the  whole  the  publication  is  one  of  distinct 
importance  to  tne  trade,  and  will  no  doubt  speedily  become  a  standard  work  of  reference 
amongst  papermakers,  both  in  the  'lab.'  and  the  office,  as  well  as  being  an  excellent  text-book 
for  the  use  of  students  in  the  increasing  number  of  technical  institutes  in  which  papermaking 
is  taught." — World's  Paper  Trade  Review. 

Enamelling  on  Metal. 

ENAMELS  AND  ENAMELLING.  An  Introduction  to  the 
Preparation  and  Application  of  all  Kinds  of  Enamels  for  Technical  and 
Artistic  Purposes.  For  Enamel  Makers,  Workers  in  Gold  and  Silver, 
and  Manufacturers  of  Objects  of  Art.  By  PAUL  RANDAU.  Translated 
from  the  German.  With  Sixteen  Illustrations.  180  pp.  1900.  Price 
10s.  6d. ;  India  and  Colonies,  lls. ;  Other  Countries,  12s.  ;  strictly  net. 
Contents. 

I.,  Introduction. — II.,  Composition  and  Properties  of  Glass. — III.,  Raw  Materials  for  the 
Manufacture  of  Enamels. — IV.,  Substances  Added  to  Produce  Opacity. — V.,  Fluxes. — VI.,  Pig- 
ments.—VII.,  Decolorising  Agents.— VIII.,  Testing  the  Raw  Materials  with  the  Blow-pipe 
Flame. — IX.,  Subsidiary  Materials. — X.,  Preparing  the  Materials  for  Enamel  Making. — XI., 
Mixing  the  Materials.— XII.,  The  Preparation  of  Technical  Enamels,  The  Enamel  Mass.— 
XIII.,  Appliances  for  Smelting  the  Enamel  Mass.— XIV.,  Smelting  the  Charge.— XV.,  Com- 
position of  Enamel  Masses. — XVI, ,  Composition  of  Masses  for  Ground  Enamels. — XVII., 
Composition  of  Cover  Enamels.— XVIII.,  Preparing  the  Articles  for  Enamelling.— XIX., 
Applying  the  Enamel. — XX.,  Firing  the  Ground  Enamel. — XXI.,  Applying  and  Firing  the 
Cover  Enamel  or  Glaze.— XXII.,  Repairing  Defects  in  Enamelled  Ware.— XXIII.,  Enamelling 
Articles  of  Sheet  Metal.— XXIV.,  Decorating  Enamelled  Ware.— XXV.,  Specialities  in  Ena- 
melling.—XXVI.,  Dial-plate  Enamelling.— XXVII.,  Enamels  for  Artistic  Purposes,  Recipes 
for  Enamels  of  Various  Colours. — Index. 

Press  Opinions. 

"  Should  prove  of  great  service  to  all  who  are  either  engaged  in  or  interested  in  the  art  of 
enamelling."— -Jewellers  and  Watchmakers'  Trade  Advertiser. 

"  I  must  inform  you  that  this  is  the  best  book  ever  I  have  come  across  on  enamels,  and  it  is 
worth  double  its  cost." — J.  MINCHIN,  Jr.,  Porto,  Portugal,  22nd  July,  1900. 

"  This  is  a  very  useful  and  thoroughly  practical  treatise,  and  deals  with  every  branch  of  the 
enameller's  art.  The  manufacture  of  enamels  of  various  colours  and  the  methods  of  their 
application  are  described  in  detail.  Besides  the  commoner  enamelling  processes,  some  of  the 
more  important  special  branches  of  the  business,  such  as  cloisonne  work  are  dealt  with.  The 
work  is  well  got  up,  and  the  illustrations  of  apparatus  are  well  executed.  The  translator  is 
evidently  a  man  well  acquainted  both  with  the  German  language  and  the  subject-matter  of  the 
book." — Invention. 
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"This  is  a  most  welcome  volume,  and  one  for  which  we  have  long  waited  in  this  country- 
For  years  we  have  been  teaching  design  applied  to  enamelling  as  well  as  to  several  other 
crafts,  but  we  have  not  risen  to  the  scientific  side  of  the  question.  Here  is  a  handbook  dealing 
with  the  composition  and  making  of  enamels  for  application  to  metals  for  the  most  part,  but 
also  for  other  allied  purposes.  It  is  written  in  a  thoroughly  practical  way,  and  its  author — 
Paul  Randau — has  made  its  subject  a  very  particular  study.  The  result,  like  almost  all  things 
which  come  from  the  German  chemical  expert,  is  a  model  of  good  workmanship  and  arrange- 
ment, and  no  one  who  is  in  search  of  a  handbook  to  enamelling,  no  matter  whether  he  is  a 
craftsman  producing  his  beautiful  translucent  colours  on  gold,  silver  and  copper,  or  the  hollow- 
ware  manufacturer  making  enamelled  saucepans  and  kettles,  can  wish  for  a  more  useful 
practical  manual." — Birmingham  Gazette. 

THE    ART    OF    ENAMELLING    ON    METAL.      By   W. 

NORMAN    BROWN.     Twenty-eight   Illustrations.     Crown   8vo.      60   pp. 
1900.     Price  2s.  6d. ;    Abroad,  3s.  ;    strictly  net. 
Contents. 

Chapters  I.,  History — Cloisonne — Champs  Leve — Translucent  Enamel — Surface  Painted 
Enamels.— II.,  Cloisonne— Champs  Leves— Translucent— Painted.— III.,  Painted  Enamel- 
Apparatus — Furnaces  and  Muffles  for  Firing. — IV.,  The  Copper  Base  or  Plate — Planishing — 
Cloisons— Champ  Leve  Plates.— V.,  Enamels— Trituration— Washing— Coating  a  Plate  with 
Enamel — Firing  Ordinary  Plaques  for  Painting — Designing — Squaring  off. — VI.,  Designs  for 
Cloisonne— Designs  for  Painted  Enamels— Technical  Processes— Brushes,  etc.,— Colours- 
Grisaille — Full-coloured  Designs. 

Press  Opinion. 

"The  information  conveyed  in  The  Art  of  Enamelling  on  Metal  is  as  complete  as  can  be  ex- 
pected in  a  manual  of  ordinary  length,  and  is  quite  ample  in  all  respects  to  start  students  in  a 
most  interesting  branch  of  decorative  art.  All  necessary  requisites  are  fully  described  and 
illustrated,  and  the  work  is  one,  indeed,  which  any  one  may  pursue  with  interest,  for  those  who- 
are  interested  artistically  in  enamels  are  a  numerous  body." — Hardware  Metals,  and  Machinery. 


Books  on  Textile  and  Dyeing 
Subjects. 

THE  TECHNICAL  TESTING  OF  YARNS  AND  TEX- 
TILE FABRICS.  With  Reference  to  Official  Specifica- 
tions. Translated  from  the  German  of  Dr.  J.  HERZFELD.  Second 
Edition.  Sixty-nine  Illustrations.  200  pp.  Demy  8vo.  1901.  Price 
10s.  6d. ;  India  and  Colonies,  11s. ;  Other  Countries,  12s.  ;  strictly  net. 

Contents. I 

Yarn  Testing.  III.,  Determining  the  Yarn  Number.— IV.,  Testing  the  Length  of 
Yarns.— V.,  Examination  of  the  External  Appearance  of  Yarn.— VI.,  Determining  the 
Twist  of  Yarn  and  Twist.— VII.,  Determination  of  Tensile  Strength  and  Elasticity.— 
VIII.,  Estimating  the  Percentage  of  Fat  in  Yarn.— IX.,  Determination  of  Moisture 
(Conditioning). — Appendix. 

Press  Opinions.          * 

"It  would  be  well  if  our  English  manufacturers  would. avail  themselves  of  this  important 
addition  to  the  extensive  list  of  German  publications  which,  by  the  spread  of  technical  infor- 
mation, contribute  in  no  small  degree  to  the  success,  and  sometimes  to  the  supremacy,  of 
Germany  in  almost  every  branch  of  textile  manufacture." — Manchester  Courier. 

"This  is  probably  the  most  exhaustive  book  published  in  English  on  the  subject  dealt  with. 
.  .  .  We  have  great  confidence  in  recommending  the  purchase  of  this  book  by  all  manu- 
facturers of  textile  goods  of  whatever  kind,  and  are  convinced  that  the  concise  and  direct  way 
in  which  it  is  written,  which  has  been  admirably  conserved  by  the  translator,  renders  it 
peculiarly  adapted  for  the  use  of  English  readers." — Textile  Recorder. 

"  A  careful  study  of  this  book  enables  one  to  say  with  certainty  that  it  is  a  standard  work  on 
the  subject.  Its  importance  is  enhanced  greatly  by  the  probability  that  we  have  here,  for  the 
first  time  in  our  own  language,  in  one  volume,  a  full,  accurate,  and  detailed  account,  by  a  prac- 
tical expert,  of  the  best  technical  methods  for  the  testing  of  textile  materials,  whether  in  the 
raw  state  or  in  the  more  or  less  finished  product." — Glasgow  Herald. 

"The  author  has  endeavoured  to  collect  and  arrange  in  systematic  form  for  the  first  time 
all  the  data  relating  to  both  physical  and  chemical  tests  as  used  throughout  the  whole  of  the 
textile  industry,  so  that  not  only  the  commercial  and  textile  chemist,  who  has  frequently  to 
reply  to  questions  on  these  matters,  but  also  the  practical  manufacturer  of  textiles  and  his 
subordinates,  whether  in  spinning,  weaving,  dyeing,  and  finishing,  are  catered  for.  .  .  .  The 
book  is  profusely  illustrated,  and  the  subjects  of  these  illustrations  are  clearly  described." — 
Textile  Manufacturer. 
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DECORATIVE     AND     FANCY     TEXTILE     FABRICS. 

With  Designs  and  Illustrations.  By  R.  T.  LORD.  A  Valuable  Book  for 
Manufacturers  and  Designers  of  Carpets,  Damask,  Dress  and  all  Textile 
Fabrics.  200pp.  1898.  DemySvo.  132  Designs  and  Illustrations.  Price 
7s.  6d. ;  India  and  Colonies,  8s. ;  Other  Countries,  8s.  6d.  ;  strictly  net. 
Contents. 

Chapters  I.,  A  Few  Hints  on  Designing  Ornamental  Textile  Fabrics. — II.,  A  Few  Hints  on 
Designing  Ornamental  Textile  Fabrics  (continued). — III.,  A  Few  Hints  on  Designing  Orna- 
mental Textile  Fabrics  (continued).— IV.,  A  Few  Hints  on  Designing  Ornamental  Textile 
Fabrics  (continued). — V.,  Hints  for  Ruled-paper  Draughtsmen. — VI.,  The  Jacquard  Machine. — 
VII.,  Brussels  and  Wilton  Carpets.— VIII.,  Tapestry  Carpets.— IX.,  Ingrain  Carpets.— X.^ 
Axminster  Carpets. — XL,  Damask  and  Tapestry  Fabrics. — XII.,  Scarf  Silks  and  Ribbons. — 
XIII.,  Silk  Handkerchiefs.— XIV.,  Dress  Fabrics.— XV.,  Mantle  Cloths.— XVI.,  Figured  Plush. 
—XVII.,  Bed  Quilts.— XVIII.,  Calico  Printing. 

Press  Opinions. 

"The  book  can  be  strongly  recommended  to  students  and  practical  men." — Textile  Colourist. 

"Those  engaged  in  the  designing  of  dress,  mantle  tapestry,  carpet  and  other  ornamental 
textiles  will  find  this  volume  a  useful  work  of  reference." — Leeds  Mercury. 

"  The  book  is  to  be  commended  as  a  model  manual,  appearing  at  an  opportune  time,  since 
every  day  is  making  known  a  growing  desire  for  development  in  British  industrial  art."— - 
Dundee  A  dvertiser. 

"  Designers  especially,  who  desire  to  make  progress  in  their  calling,  will  do  well  to  take  the 
hints  thrown  out  in  the  first  four  chapters  on  'Designing  Ornamental  Textile  Fabrics '." — 
Nottingham  Daily  Guardian. 


POWER-LOOM  WEAVING  AND  YARN  NUMBERING, 

According  to  Various  Systems,  with  Conversion  Tables.  An  Auxiliary 
and  Text-book  for  Pupils  of  Weaving  Schools,  as  well  as  for  Self- 
Instruction  and  for  General  Use  by  those  engaged  in  the  Weaving 
Industry.  Translated  from  the  German  of  ANTHON  GRUNER.  With 
Twenty-six  Diagrams  in  Colours.  150  pp.  1900.  Crown  8vo.  Price 
7s.  6d. ;  India  and  Colonies,  8s.  ;  Other  Countries,  8s.  6d. ;  strictly  net. 

Contents. 

I.,  Power=Loom  Weaving  in  General.  Various  Systems  of  Looms.— II.,  Mounting 
and  Starting  the  Power=Loom.  English  Looms. — Tappet  or  Treadle  Looms. — Dobbies. — 
III.,  General  Remarks  on  the  Numbering,  Reeling  and  Packing  of  Yarn.— Appendix.— 
Useful  Hints.  Calculating  Warps.— Weft  Calculations.— Calculations  of  Cost  Price  in  Hanks. 

JPress  Opinions. 

"  A  long-felt  want  in  the  weaving  industry  has  been  supplied. by  the  issue  of  a  cheap  volume 
dealing  with  the  subject." — Belfast  Evening  Telegraph. 

"The  work  has  been  clearly  translated  from  the  German  and  published  with  suitable 
illustrations.  .  .  .  The  author  has  dealt  very  practically  with  the  subject." — Bradford  Daily 
Telegraph. 

"The  book,  which  contains  a  number  of  useful  coloured  diagrams,  should  prove  invaluable 
to  the  student,  and  its  handy  form  will  enable  it  to  become  a  companion  more  than  some  cum- 
brous work." — Cotton  Factory  Times. 

"  The  book  has  been  prepared  with  great  care,  and  is  most  usefully  illustrated.  It  is  a  capital 
text-book  for  use  in  the  weaving  schools  or  for  self-instruction,  while  all  engaged  in  the  weaving 
industry  will  find  its  suggestions  helpful." — Northern  Daily  Telegraph. 

"The  various  systems  are  treated  in  a  careful  manner;  also  the  different  looms  and  their 
manufacture,  as  well  as  the  whole  processes  of  the  work.  Yarn  numbering  according  to  various 
systems,  with  conversion  tables  and  numerous  coloured  diagrams,  materially  assist  to  a  clear 
comprehension  of  the  subject." — Northern  Whig. 

"The  ' inside '  managers  of  our  textile  mills  in  which  the  work  is  complex  or  greatly  varied, 
and  where  yarns  of  different  materials  are  in  use,  will  find  this  work  convenient  for  reference  in 
case  of  novelty  or  difficulty.  We  may  also  say  the  same  in  relation  to  the  textile  student.  Its 
description  of  the  parts  of  the  loom  and  their  functions  will  be  of  use  to  the  latter,  being  of  the 
most  elementary  kind." — Textile  Mercury. 

"The  author  attempts  to  fill  a  gap  in  weaving  literature  caused  by  the  neglect  of  many 
obscure  points  connected  with  the  industry.  A  short  review  is  given  of  the  power-loom  as  a 
whole,  followed  by  a  description  of  the  different  parts  of  the  machinery  with  their  advantages 
and  defects.  .  .  .  The  book  is  severely  technical,  but  must  on  that  account  be  very  valuable  to 
the  pupil  who  is  determined  to  master  this  industrial  art." — Cheshire  County  News. 

"  It  is  clear  and  concise,  and  gives  just  that  knowledge  in  quality  and  amount  which  any 

student  of  the  weaving  industry  ought  to  consider  as  a  minimum  necessary  for  his  thorough 

comprehension  of  his  future  profession.     The  handiness  and  variety  of  the  information  com- 

orised  in  Section  III.,  dealing  with  the  numbering  and  reeling  of  yarns  employed  in  the  various 

Items  in  different  countries,  struck  us  as  particularly  useful  " — North  British  Daily  Mail. 
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"This  work  brings  before  weavers  who  are  actually  engaged  in  the  various  branches  of 
fabrics,  as  well  as  the  technical  student,  the  different  parts  of  the  general  run  of  power-looms  in 
«uch  a  manner  that  the  parts  of  the  loom  and  their  bearing  to  each  other  can  be  readily  under- 
stood. .  .  .  The  work  should  prove  of  much  value,  as  it  is  in  every  sense  practical,  and  is  put 
before  the  reader  in  such  a  clear  manner  that  it  can  be  easily  understood." — Textile  Industries. 

"The  book  under  notice  is  intended  as  an  instructor  to  those  engaged  in  power-loom  weaving, 
and,  judging  by  its  compilation,  the  author  is  a  thorough  master  of  the  craft.  It  is  not  over- 
loaded with  details,  and  he  manages  to  compress  in  a  book  of  some  150  pages  all  that  one  can 
possibly  wish  to  know  about  the  different  parts  of  the  machinery,  whether  of  English  or  foreign 
make,  and  for  whatever  kind  of  cloth  required.  A  comprehensive  summary  is  also  included  of 
the  various  yarns  and  methods  of  numbering  them,  as  well  as  a  few  useful  hints  and  a  number 
of  coloured  diagrams  for  mandarin  weavings.  The  book  is  printed  in  bold,  legible  type,  on 
good  paper,  has  a  copious  index,  and  is  well  and  strongly  bound." — Ashton-under-Lyne  Herald. 

"  In  dealing  with  the  complicated  parts  of  various  classes  of  power-looms,  the  writer,  who  is 
one  of  the  professors  at  the  Royal  Weaving  School  of  Asch,  brings  to  the  work  a  thorough 
knowledge  of  the  subject,  and,  what  is  of  great  value,  he  has  the  gift  of  communicating  his 
knowledge  in  a  way  which  is  easily  understood.  The  smallest  details  of  loom-setting  are 
entered  into,  and  a  full  explanation  of  problems,  which  are  a  source  of  anxiety  to  many  en- 
gaged in  overlooking,  is  given.  Students  will  find  the  work  an  admirable  text-book,  and  all 
-who  are  interested  in  weaving  will  see  in  it  a  valuable  addition  to  the  literature  on  this  subject. 
.  .  The  book  is  in  small  compass,  and  is  crowded  with  valuable  information." — Bradford 
•Observer. 

COLOUR:  A  HANDBOOK  OP  THE  THEORY  OP 
COLOUR.  By  GEORGE  H.  HURST,  P.C.S.  With  Ten 
Coloured  Plates  and  Seventy-two  Illustrations.  160  pp.  Demy  8vo. 
1900.  Price  7s.  6d. ;  India  and  Colonies,  8s.  ;  Other  Countries,  8s.  6d. ; 
strictly  net. 

Contents. 
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Methods  of  Producing  the  Spectrum,  Glass  Prism  and  Diffraction  Grating  Spectroscopes,  The 
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Matters.— III.,  Colour  Phenomena  and  Theories.  Mixing  Colours,  White  Light  from 
Coloured  Lights,  Effect  of  Coloured  Light  on  Colours,  Complementary  Colours,  Young- 
Helmholtz  Theory,  Brewster  Theory,  Supplementary  Colours,  Maxwell's  Theory,  Colour 
Photography.— IV.,  The  Physiology  of  Light.  Structure  of  the  Eye,  Persistence  of  Vision, 
Subjective  Colour  Phenomena,  Colour  Blindness. — V.,  Contrast.  Contrast,  Simultaneous 
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Press  Opinions. 

"  This  useful  little  book  possesses  considerable  merit,  and  will  be  of  great  utility  to  those  for 
whom  it  is  primarily  intended." — Birmingham  Post. 

"  It  will  be  found  to  be  of  direct  service  to  the  majority  of  dyers,  calico  printers  and  colour 
mixers,  to  whom  we  confidently  recommend  it." — Chemical  Trade  Journal. 

"  It  is  thoroughly  practical,  and  gives  in  simple  language  the  why  and  wherefore  of  the  many 
colour  phenomena  which  perplex  the  dyer  and  the  colourist." — Dyer  and  Calico  Printer. 

"  We  have  found  the  book  very  interesting,  and  can  recommend  it  to  all  who  wish  to  master 
the  different  aspects  of  colour  theory,  with  a  view  to  a  practical  application  of  the  knowledge  so 
gained."— Chemist  and  Druggist. 

"  Mr.  Hurst's  Handbook  on  the  Theory  of  Colour  will  be  found  extremely  useful,  not  only  to 
the  art  student,  but  also  to  the  craftsman,  \vhose  business  it  is  to  manipulate  pigments  and 
dyes." — Nottingham  Daily  Guardian. 
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Useful  Manual  for  Colour  Chemists  and  Textile  Printers.  By  DAVID 
PATERSON,  F.C.S.  Seventeen  Illustrations.  132pp.  Demy  8vo.  1900. 
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Press  Opinions. 

"The  book  is  worthy  the  attention  of  the  trade." — Worcester  Herald. 

"  The  treatise  is  arranged  with  great  care,  and  follows  the  processes  described  in  a  manner 
at  once  clear  and  convincing." — Glasgow  Record. 

"A  most  useful  manual  dealing  in  an  intelligible  and  interesting  manner  with  the  colour 
printing  of  carpet  yarns." — Kidderminster  Times. 

"  An  eminent  expert  himself,  the  author  has  evidently  strained  every  effort  in  order  to  make 
his  work  the  standard  guide  of  its  class." — Leicester  Post. 

"  The  book,  which  is  admirably  printed  and  illustrated,  should  fulfil  the  need  of  a  practical 
guide  in  the  colour  printing  of  carpet  yarns. — Nottingham  Express. 

"The  subject  is  very  exhaustively  treated  in  all  its  branches.  .  .  .  The  work,  which  is  very 
well  illustrated  with  designs,  machines,  and  wool  fibres,  will  be  a  useful  addition  to  our  textile 
literature." — Northern  Whig. 

"  It  gives  an  account  of  its  subject  which  is  both  valuable  and  instructive  in  itself,  and  likely 
to  be  all  the  more  welcome  because  books  dealing  with  textile  fabrics  usually  have  little  or 
nothing  to  say  about  this  •way  of  decorating  them." — Scotsman. 

"The  work  shows  a  thorough  grasp  of  the  leading  characteristics  as  well  as  the  minutae  of 
the  industry,  and  gives  a  lucid  description  of  its  chief  departments.  ...  As  a  text-book  in 
technical  schools  where  this  branch  of  industrial  education  is  taught.jthe  book  is  valuable,  or 
it  may  be  perused  with  pleasure  as  well  as  profit  by  any  one  having  an  interest  in  textile  in- 
dustries."— Dundee  Courier. 

"The  book  bears  every  mark  of  an  extensive  practical  knowledge  of  the  subject  in  all  its 
bearings,  and  supplies  a  real  want  in  technical  literature.  Chapters  IX.  and  X.,  on  the  science 
of  colour  mixing  and  colour  matching  respectively,  are  especially  good,  and  we  do  not  remem- 
ber to  have  seen  the  bearing  of  various  kinds  of  light,  and  of  the  changes  from  one  kind  of  light 
to  another  on  the  work  of  the  colourist,  so  well  treated  elsewhere." — Dyer  and  Calico  Printer* 

"  It  is  thoroughly  practical,  and  contains  much  information  which  has  not  hitherto  appeared 
in  book  form.  It  is  pleasing  to  note  that  the  practical  part  is  not  crowded  out  with  purely 
'  practical  recipes '.  A  few  typical  examples  are  given,  and  the  rest  is  left  to  the  common  sense 
and  judgment  of  the  printer  or  works'  chemist.  Another  pleasing  feature  is  the  accounts  given 
here  and  there  of  the  author's  own  researches  on  the  subject.  The  work  will  be  of  interest  ta 
printers  of  wool  generally,  and  to  those  engaged  in  the  dyeing  of  this  fibre."— Journal  of  the 
Society  of  Dyers  and  Colourists. 
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Stocks  or  Wash  Mill— Squeezing.  Chapter  IV.  Lye  Boiling— Lye  Boiling  with  Milk  of  Lime 
— Lye  Boiling  with  Soda  Lyes — Description  of  Lye  Boiling  Keirs — Operations  of  Lye  Boiling 
— Concentration  of  Lyes.  Chapter  V.  Mather  and  Platt's  Keir — Description  of  the  Keir — 
Saturation  of  the  Fabrics — Alkali  used  in  Lye  Boiling — Examples  of  Processes.  Chapter  VI. 
Soap — Action  of  Soap  in  Bleaching — Quality  and  Quantity  of  Soaps  to  use  in  the  Lye — Soap 
Lyes  or  Scalds— Soap  Scouring  Stocks.  Chapter  VII.  Bleaching  on  Grass  or  on  the  Bleach- 
ing Green  or  Lawn.  Chapter  VIII.  Chemicking — Remarks  on  Chlorides  and  their  De- 
colourising Action — Chemicking  Cisterns — Chemicking — Strengths,  etc.  Chapter  IX.  Sours- 
— Properties  of  the  Acids— Effects  Produced  by  Acids— Souring  Cisterns.  Chapter  X. 
Drying— Drying  by  Steam— Drying  by  Hot  Air— Drying  by  Air.  Chapter  XI.  Damages  to 
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Valuation  of  Caustic  and  Carbonated  Alkali  (Soda)  and  General  Information  Regarding  these 
Bodies— Object  of  Alkalimetry— Titration  of  Carbonate  of  Soda— Comparative  Table  of 
Different  Degrees  of  Alkalimetrical  Strength — Five  Problems  relative  to  Carbonate  of  Soda 
—Caustic  Soda,  its  Properties  and  Uses— Mixtures  of  Carbonated  and  Caustic  Alkali— Note 
on  a  Process  of  Manufacturing  Caustic  Soda  and  Mixtures  of  Caustic  and  Carbonated  Alkali 
(Soda).  Chapter  XIV.  Chlorometry— Titration— Wagner's  Chlorometric  Method— Prepara- 
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tion  of  Standard  Solutions — Apparatus  for  Chlorine  Valuation — Alkali  in  Excess  in  De- 
colourising Chlorides.  Chapter  XV.  Chlorine  and  Decolourising  Chlorides — Synopsis — 
Chlorine — Chloride  of  Lime — Hypochlorite  of  Soda — Brochoki's  Chlorozone — Various  De- 
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colourising Chlorides  and  Bleaching  by  Electricity  and  Ozone — Energy  of  Decolourising 
Chlorides— Chlorides — Production  of  Chlorine  and  Hypochlorites  by  Electrolysis — Lunge's 
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Press  Opinions. 

"The  work  has  evidently  been  prepared  with  great  care,  and,  as  far  as  we  can  judge,  should 
be  very  useful  to  the  dyer  and  colourist." — Halifax  Courier. 

"The  volume,  which  is  clearly  and  popularly  written,  should  prove  of  the  utmost  service  to 
all  who  are  concerned  with  the  practical  use  of  colours,  whether  as  dyers  or  painters." — 
Scotsman. 

"To  the  practical  colourist,  and  also  to  technical  students,  Mr.  Paterson's  new  work  will  be 
very  welcome  We  are  often  asked  to  recommend  books  on  different  subjects,  and  have  no 
hesitation  in  advising  the  purchase  of  the  present  volume  by  dyers  and  calico  printers,  as  con- 
taining a  mass  of  most  useful  information  at  a  nominal  price." — Irish  Textile  Journal. 

"  Mr.  Paterson's  work  not  only  clearly  deals  with  the  theory  of  colour,  but  supplies  lucid 
-directions  for  the  practical  application  of  the  theory.  His  work  will  be  found  exceedingly 
helpful,  not  only  to  the  practical  colourist,  but  also  to  students  in  our  textile  colleges,  by 
forming  a  useful  complement  to  their  class  lectures.  There  are  several  exquisitely  coloured 
plates  and  a  large  number  of  other  illustrations  of  theory  and  practice  in  colour  blending,  and 
also  a  series  of  plates  with  specimens  of  dyed  fabrics  attached,  in  explication  of  the  author's 
views." — Wakefield  Express. 

"  Mr.  Paterson  has  little  to  say  upon  the  experimental  aspect  or  on  its  aesthetics,  but  much 
upon  the  theory  of  colour,  especially  as  it  bears  upon  the  question — an  all-important  one  to 
dyers,  calico  printers  and  artists,  who  have  to  produce  such  a  variety  of  shades  and  tints — of 
the  admixture  of  one  colour  upon  another.  .  .  .  The  author  is  a  dyer,  and  in  his  concluding 
chapters  keeps  well  before  him  the  special  wants  and  requirements  of  dyers.  He  writes 
pleasantly  and  lucidly,  and  there  is  no  difficulty  in  following  him,  although  here  and  there  a 
lapse  into  ambiguousness  occurs.  The  book  is  well  printed,  generously  supplied  with  coloured 
plates,  very  nicely  if  not  brightly  got  up ;  and  the  dyed  patterns  at  the  end  enhance  the  value 
of  the  book  to  the  dyer.'' — Textile  Mercury. 

"  For  some  time  the  proprietors  of  The  Oil  and  Colounnan's  Journal  have  been  engaged  in 
the  publication  of  a  series  of  practical  handbooks  intended  for  the  use  of  those  interested  in 
certain  branches  of  technology,  and  the  present  volume  is  the  latest  addition  to  their  list. 
The  feature  which  the  works  have  in  common — and  it  is  an  all-important  one  in  treatises  of 
this  sort — is  their  eminently  practical  character.  The  primary  aim  of  the  publishers  is  to 
provide  scientific  text-books  which  will  be  helpful  to  those  who  are  either  actively  engaged  in 
the  practice  of  the  arts  in  question,  or  who  are  studying  with  that  immediate  end  in  view.  .  .  . 
Mr.  Paterson  speaks  with  that  assured  knowledge  of  an  expert,  and  in  the  present  volume,  as 
in  that  which  he  has  already  contributed  to  the  same  series,  he  sets  forth  the  true  foundation 
of  the  art  of  colouring  in  a  manner  at  once  comprehensive  and  judicious.  .  .  .  For  dyers, 
calico  printers  and  colourists  in  general,  whose  desire  it  is  to  work  with  accuracy  in  their 
respective  branches,  the  treatise  will  prove  an  invaluable  guide-book,  provided  the  principles 
and  methods  it  describes  are  studied  with  intelligence  and  care.  To  this  end,  every  encourage- 
ment has  been  given  that  well-chosen  examples,  carefully  executed  plates  and  diagrams,  and 
an  exhaustive  index  can  supply." — Glasgow  Herald. 
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and  Complementary  Colour  Sensations.— II.,  Daylight  for  Colour  Matching— Selection  of  a 
Good  Pure  Light — Diffused  Daylight,  Direct  Sunlight,  Blue  Skylight,  Variability  of  Daylight, 
etc.,  etc.— III.,  Matching  of  Hues— Purity  and  Luminosity  of  Colours— Matching  Bright  Hues 
— Aid  of  Tinted  Films — Matching  Difficulties  Arising  from  Contrast. — IV.,  Examination  of 
Colours  by  Reflected  and  Transmitted  Lights— Effect  of  Lustre  and  Transparency  of  Fibres 
in  Colour  Matching. — V.,  Matching  of  Colours  on  Velvet  Pile — Optical  Properties  of  Dye- 
stuffs,  Dichroism,  Fluorescence. — VI.,  Use  of  Tinted  Mediums — Orange  Film — Defects  of  the 
Eye — Yellowing  of  the  Lens — Colour  Blindness,  etc. — VII.,  Matching  of  Dyed  Silk  Trimmings 
and  Linings  and  Bindings — Its  Difficulties — Behaviour  of  Shades  in  Artificial  Light — Colour 
Matching  of  Old  Fabrics,  etc. — VIII.,  Examination  of  Dyed  Colours  under  the  Artificial  Lights 
— Electric  Arc,  Magnesium  and  Dufton,  Gardner  Lights,  Welsbach,  Acetylene,  etc. — Testing 
Qualities  of  an  Illuminant. — IX.,  Influence  of  the  Absorption  Spectrum  in  Changes  of  Hue 
under  the  Artificial  Lights — Study  of  the  Causes  of  Abnormal  Modifications  of  Hue,  etc. 

Reissue  of 

THE  ART  OF  DYEING  WOOL,  SILK   AND    COTTON. 

Translated  from  the  French  of  M.  HELLOT,  M.  MACQUER  and  M.  LE 
PILEUR  D'APLIGNY.  First  Published  in  English  in  1789.  Six  Plates. 
Demy  8vo.  446  pp.  1901.  Price  5s.  ;  India  and  Colonies,  5s.  6d.  ; 
Other  Countries,  6s. ;  strictly  net. 

Contents. 

Part  I.,  The  Art  of  Dyeing  Wool  and  Woollen  Cloth,  Stuffs,  Yarn,  Worsted,  etc. : 
Introduction.— Chapters  I.,  Of  the  Vessels  and  Utensils  used  in  Dyeing.— II.,  Of  the  Fixed 
ind  Fugitive,  commonly  called  Great  and  Little  Dye. — III.,  Of  Colours  in  Grain.  Dyeing1 
Wool :  IV.,  Of  Blue.— V.,  Of  the  Pastel  Vat— Directions  for  the  Proper  Management  of  the 
Vat — Indications  when  the  Vat  has  Suffered  by  too  much  or  too  little  Lime,  the  two  extremes 
which  ought  carefully  to  be  avoided— The  Preparations  of  Indigo  for  the  Pastel  Vat.— VI., 
Of  the  Woad  Vat.— VII.,  Of  the  Indigo  Vat.— VIII.,  Of  the  Cold  Indigo  Vat  with  Urine— A 
Hot  Indigo  Vat  with  Urine— To  Reheat  a  Urine  Vat.— IX.,  A  Cold  Indigo  Vat  without  Urine. 
—X.,  Of  the  Method  of  Dyeing  Blue.— XI.,  Of  Red.— XII.,  Of  Scarlet  in  Grain,  or  Venetian 
Scarlet.— XIII.,  Of  Fire  Scarlet.— XIV.,  Of  Crimson.— XV.,  Of  Gum  Lac  Scarlet.— XVI.,  Of 
the  Coccus  polonicus,  a  Colouring  Insect.— XVII.,  Of  Madder  Red.— XVIII.,  Of  Yellow.— XIX., 
Of  Brown  or  Fawn  Colour.— XX.,  Of  Black.— XXI.,  Of  the  Colours  obtained  from  a  Mixture  of 
Blue  and  Red.— XXII.,  Of  the  Mixture  of  Blue  and  Yellow.— XXIII.,  Of  the  Mixture  of  Blue 
and  Fawn  Colour.— XXIV.,  Of  the  Mixture  of  Blue  and  Black.— XXV.,  Of  the  Mixture  of  Red 
and  Yellow.— XXVI.,  Of  the  Mixture  of  Red  and  Fawn.— XXVII.,  Of  the  Mixture  of  Red  and 
Black.— XXVIII.,  Of  the  Mixture  of  Yellow  and  Fawn  Colours.— XXIX.,  Of  the  Mixture  of 
Yellow  and  Black.— XXX.,  Of  the  Mixture  of  Fawn  Colour  and  Black.— XXXI.,  Of  the  Prin- 
cipal Mixtures  of  the  Primitive  Colours  by  Three  and  Three.— XXXII.,  The  Method  of  Blending 
Wool  of  Different  Colours  for  mixed  Cloth  or  Stuffs.— XXXIII.,  The  Method  of  Preparing 
Felts  for  Trial.— XXXIV.,  The  Method  of  Dyeing  Woollens  False  Colours.— XXXV.,  Of  Flock 
or  Goats'  Hair.— XXXVI.,  Of  Archil,  and  the  Method  of  Using  It.— XXXVII.,  Of  Logwood.— 
XXXVIII.,  Of  Brazil  Wood.— XXXIX.,  Of  Fustic.— XL.,  Roucou.— XLL,  Of  French  Berries. 
— XLIL,  Of  Turmeric.— XLII I.,  Instructions  for  the  Proof  Liquor  for  Wool  and  Woollen 
Stuffs. 

Part  II.,  The  Art  of  Dyeing  Silk  :  Ungumming  and  Boiling  for  White.— For  Boiling  of 
Silks  Intended  to  be  Dyed. — Observations  on  Ungumming  and  Boiling. — Of  White. — Of  Whiten- 
ing.— Sulphuring. — Observations  on  Whitening  and  Sulphuring. — Of  Aluming. — Remarks  on 
Aluming.— Of  Blue. — Remarks  on  the  Blue  of  Indigo. — Of  Yellow. — Remarks  on  Yellow. — 
Aurora,  Orange,  Mordore,  Gold  Colour  and  Chamois. — Red  and  Crimson. — Remarks  on 
Crimson. — Of  False  Crimson  or  the  Red  of  Brazil. — Remarks  on  the  Red,  or  Crimson  of  Brazil 
Wood. — Of  Scarlet,  Orange,  Red  and  Cherry  Colour. — Preparation  of  the  Carthamus  or 
Bastard  Saffron. — Remarks  on  the  Dye  of  Carthamus  or  Bastard  Saffron. — Of  the  False 
Poppy  or  Fire  Colour  Produced  with  Brazil  Wood. — False  Rose  Colour. — Of  Green. — 
Remarks.— Of  Olives.— Remarks.— Of  Violet.— Of  Fine  Violet,  or  Violet  in  Grain.— Of  False 
or  Common  Violets  or  Lilac. — Of  the  Violet  of  Logwood. — Remarks. — Violet  of  Logwood  and 
Verdigris.— Violets  of  Brazil  and  Logwood.— Remarks.— Violets  from  Brazil  Wood  and  Archil. 
—Of  Purple,  Gillyflower,  and  of  Fine  Cochineal  or  Purple.— Of  False  Purple.— Of  Maroons, 
Cinnamons  and  White  Lees. —  Remarks. — Of  Nut  Greys,  Thorn  Greys,  Black  and  Iron  Greys 
and  others  of  the  same  Species.— Of  Black.— Softening  of  Black.— Black  in  the  Raw.— Remarks 
on  Black. — Particular  Process  Communicated  by  M.  Hellot. — Genoa  Crimson,  a  Process 
Proved  in  May,  1743.— Violet  Crimson  of  Italy.— Half  Violet.— Genoa  Black  for  Velvets. 

Part  III ,  The  Art  of  Dyeing  Cotton  and  Linen  Thread,  together  with  the  Method 
of  Stamping  Silks,  Cottons,  etc.  :  Of  Dyeing  in  General. — Inquiry  concerning  Wool,  Silk, 
Cotton  and  Flax.— Of  Wool.— Of  Silk.— Of  Cotton.— Of  Flax.— Conclusion  from  the  Examina- 


30 

tion  of  Substances  Commonly  Dyed.— Of  Bleaching.— Preparation  for  Stuffs  to  be  Dyed.— 
Astringents. — Theory  of  Dyeing  Stuffs  Prepared  with  Alum. — Of  Colouring  Substances. — 
Of  Cochineal  and  Colouring  Insects. — Of  Madder. — Of  Vegetables  Furnishing  a  Yellow  Dye. — 
Of  the  Colouring  Drugs  Used  in  Dyeing  without  Astringents. — Of  Indigo.— Of  Substances 
Used  in  Dyeing  Fawn  and  Root  Colour. — Of  Carthamus,  Roucou,  etc. — Of  Black.  Of  Dyeing 
of  Cotton  Thread  :  Of  Cleansing.— Of  the  Colours  Employed  for  the  Dyeing  of  Cotton 
Thread.— Of  Blue.— Of  Red.— Adrianople  Red.— Observations  on  this  Dye.— Of  Yellow.— Of 
Green. — Of  Violet. — Of  Red  Cinnamon. — Of  Black. — Black  for  Linen  and  Cotton  Thread  by  a 
Combination  of  Colours.— Of  Grey.— Of  More  Durable  Greys.— Of  Musk  Colour.— Olive  and 
Duck  Greens.— Of  Browns,  Maroons,  Coffee  Colours,  etc.— Of  Silk  Stuffs  Dyed  of  Several 
Colours. — The  Manner  of  Stamping  Silk,  etc.,  in  Europe.— Of  a  Linen  with  a  Blue  Ground 
and  White  Pattern. — Of  Saxon  Blue. — Observations  on  this  Dye.— Indexes. 

THE  DYEING  OF  COTTON  FABRICS:  A  Practical 
Handbook  for  the  Dyer  and  Student.  By  FRANKLIN  BEECH,  Practical 
Colourist  and  Chemist.  272  pp.  Forty-four  Illustrations  of  Bleaching 
and  Dyeing  Machinery.  Demy  8vo.  1901.  Price  7s.  6d. ;  India 
and  Colonies,  8s. ;  Other  Countries,  8s.  6d. ;  strictly  net. 
Contents. 

Chapters  I.,  Structure  and  Chemistry  of  the  Cotton  Fibre. — II.,  Scouring  and  Bleaching  of 
Cotton. — III.,  Dyeing  Machinery  and  Dyeing  Manipulations. — IV.,  Principals  and  Practice  of 
Cotton  Dyeing — 1,  Direct  Dyeing;  2,  Direct  Dyeing  followed  by  Fixation  with  Metallic  Salts; 
3,  Direct  Dyeing  followed  by  Fixation  with  Developers;  4,  Direct  Dyeing  followed  by  Fixation 
with  Couplers ;  5,  Dyeing  on  Tannic  Mordant ;  6,  Dyeing  on  Metallic  Mordant ;  7,  Production 
of  Colour  Direct  upon  Cotton  Fibres ;  8,  Dyeing  Cotton  by  Impregnation  with  Dye-stuff  Solu- 
tion.—V.,  Dyeing  Union  (Mixed  Cotton  and  Wool)  Fabrics.— VI.,  Dyeing  Half  Silk  (Cotton- 
Silk,  Satin)  Fabrics. — VII.,  Operations  following  Dyeing — Washing,  Soaping,  Drying. — VIII., 
Testing  of  the  Colour  of  Dyed  Fabrics.— IX.,  Experimental  Dyeing  and  Comparative  Dye 
Testing.— Index. 

The  book  contains  numerous  recipes  for  the  production  on  Cotton  Fabrics  of  all  kinds  of  a 
great  range  of  colours,  thus  making  it  of  great  service  in  the  Dyehouse,  while  to  the  Student  it 
is  of  value  in  that  the  scientific  principles  which  underlie  the  operations  of  dyeing  are  clearly 
laid  down. 

COTTON  SPINNING  (First  Year).     By  THOMAS  THORN  LEY, 
Spinning  Master,  Bolton  Technical  School.     160  pp.     84  Illustrations. 
Crown  8vo.     1901.      Price  3s. ;  Abroad,  3s.  6d.  ;  strictly  net. 
Contents. 

Syllabus  and  Examination  Papers  of  the  City  and  Guilds  of  London  Institute.— Chapters 
I.,  Cultivation,  Classification,  Ginning,  Baling  and  Mixing  of  the  Raw  Cotton.— II.,  Bale- 
Breakers,  Mixing  Lattices  and  Hopper  Feeders — III.,  Opening  and  Scutching. — IV.,  Carding. 
— Index  to  Illustrations. — General  Index. 

COTTON  SPINNING  (Intermediate,  or  Second  Year).  By 
THOMAS  THORNLEY.  180  pp.  70  Illustrations.  Crown  8vo.  1901. 
Price  5s. ;  India  and  British  Colonies,  5s.  6d. ;  Other  Countries,  6s.  ; 
strictly  net. 

Contents. 

Syllabuses  and  Examination  Papers  of  the  City  and  Guilds  of  London  Institute. — Chapters 
I.,  The  Combing  Process.— II.,  The  Drawing  Frame.— III.,  Bobbin  and  Fly  Frames.— IV.,  Mule 
Spinning. — V.,  Ring  Spinning. — Index  to  Illustrations. — General  Index. 

COTTON  SPINNING  (Honours,  or  Third  Year).     By  THOMAS 
THORNLEY.     216pp.     74  Illustrations.     Crown  8vo.     1901.     Price  5s. ; 
India  and  British  Colonies,  5s.  6d. ;  Other  Countries,  6s. ;  strictly  net. 
Contents. 

Syllabuses  and  Examination  Papers  of  the  City  and  Guilds  of  London  Institute. — Chapters 
I.,  Cotton. — II.,  The  Practical  Manipulation  of  Cotton  Spinning  Machinery. — III.,  Doubling 
and  Winding.— IV.,  Reeling.— V.,  Warping.— VI.,  Production  and  Costs.— VII.,  Main  Driving. 
— VIII. ,  Arrangement  of  Machinery  and  Mill  Planning. — IX.,  Waste  and  Waste  Spinning. — 
Index  to  Illustrations. — General  Index. 

Books  for  Mining  Engineers 
and  Steam  Users. 

RECOVERY  WORK  AFTER  PIT  FIRES.  A  Description 
of  the  Principal  Methods  Pursued,  especially  in  Fiery  Mines,  and  of 
the  Various  Appliances  Employed,  such  as  Respiratory  and  Rescue 
Apparatus,  Dams,  etc.  By  ROBERT  LAMPRECHT,  Mining  Engineer  and 
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Manager.     Translated   from   the    German.      Illustrated   by  Six    large 

Plates,  containing  Seventy-six  Illustrations.     175  pp.,  demy  8vo.     1901. 

Price    10s.    6d. ;     India   and    Colonies,    11s.;    Other   Countries,   12s.; 

strictly  net.  Contents. 

Preface. — I.,  Causes  of  Pit  Fires:  1,  Fires  Resulting  from  the  Spontaneous  Ignition  of 
Coal;  2,  Fires  Caused  by  Burning  Timber;  3,  Fires  Caused  by  Fire-damp  Explosions. — II., 
Preventive  Regulations  :  1,  The  Outbreak  and  Rapid  Extension  of  a  Shaft  Fire  can  be 
most  reliably  prevented  by  Employing  little  or  no  Combustible  Material  in  the  Construction  of 
the  Shaft ;  2,  Precautions  for  Rapidly  Localising  an  Outbreak  of  Fire  in  the  Shaft ;  3,  Pre- 
cautions to  be  Adopted  in  case  those  under  1  and  2  Fail  or  Prove  Inefficient  Precautions 
against  Spontaneous  Ignition  of  Coal.  Precautions  for  Preventing  Explosions  of  Fire-damp 
and  Coal  Dust.  Employment  of  Electricity  in  Mining,  particularly  in  Fiery  Pits.  Experiments 
on  the  Ignition  of  Fire-damp  Mixtures  and  Clouds  of  Coal  Dust  by  Electricity. — III.,  Indica- 
tions of  an  Existing  or  Incipient  Fire.— IV.,  Appliances  for  Working  in  Irrespirable 
Gases  :  1,  Respiratory  Apparatus ;  2,  Apparatus  with  Air  Supply  Pipes,  (a)  The  Bremen  Smoke 
Helmet,  (b)  The  Miiller  Smoke  Helmet,  (c)  The  Stolz  Rescue  Mask;  3,  Reservoir  Apparatus; 
4,  Oxygen  Apparatus.  The  Schwann  Respiratory  Apparatus.  The  Fleuss  Respiratory  Ap- 
paratus. The  Improved  Walcher-Gartner  Pneumatophor,  (a)  The  Single  Bottle  Apparatus, 
Instructions  for  Using  the  Pneumatophor,  Taking  to  Pieces  and  Resetting  the  Apparatus 
ready  for  Use ;  (b)  Two  Bottle  Apparatus  (Shamrock  Type).  The  Neupert  Rescue  Apparatus 
(The  Mayer-Pilar  System).— V.  Extinguishing  Pit  Fires  :  (a)  Chemical  Means ;  (b)  Extinction 
with  Water.  Dragging  down  the  Burning  Masses  and  Packing  with  Clay ;  (c)  Insulating  the 
Seat  of  the  Fire  by  Dams.  Dam  Building.  Dam  Work  in  the  Fiery  Pits  of  Southern  Hungary  : 
(a)  Cross-dams  of  Clay ;  (b)  Masonry  Dams,  Gallery  Linings.  Wagner's  Portable  Safety  Dam. 
Analyses  of  Fire  Gases.  Isolating  the  Seat  of  a  Fire  with  Dams:  Working  in  Irrespirable 
Gases  ("  Gas-diving  ") :  1,  Air-Lock  Work  (Horizontal  Advance)  on  the  Mayer  System  as  Pur- 
sued at  Karwin  in  1894  ;  2,  Air-Lock  Work  (Horizontal  Advance)  by  the  Mauerhofer  Modified 
System.  Vertical  Advance.  Mayer  System.  Complete  Isolation  of  the  Pit.  Flooding  a 
Burning  Section  isolated  by  means  of  Dams.  Wooden  Dams:  (a)  Upright  Balk  Dams;  (b) 
Horizontal  Balk  Dams ;  (c)  Wedge  Dams,  Masonry  Dams.  Examples  of  Cylindrical  and  Dome- 
ihaped  Dams.  Dam  Doors:  Flooding  the  Whole  Pit.— VI.,  Rescue  Stations:  (a)  Stations 
»bove  Ground;  (b)  Underground  Rescue  Stations.— VII.,  Spontaneous  Ignition  of  Coal  in 
Bulk.— Index. 

Illustrations. 

Sheet  I.,  Respiratory  and  Rescue  Appliances — Precautions  against  Fire.  Figs.  1, 
Smoke  Helmet ;  2,  Miiller's  Smoke  Helmet ;  3,  Low-pressure  Respiration  Apparatus ;  4,  High- 
pressure  Respiration  Apparatus ;  5,  The  Stolz  Mask  for  Rescue  Work ;  6,  Precautions  against 
Fire. — Sheet  II.,  Respiratory  and  Rescue  Apparatus.  Figs.  1,  Recovery  Work  with 
Miiller's  Smoke  Helmet  after  a  Fire ;  2-8,  The  Fleuss  Respiration  Apparatus ;  9,  The  Walcher- 
Gartner  Pneumatophor:  10-12,  Pneumatophor  (Shamrock  Type). — Sheet  III.,  Respiratory 
and  Rescue  Apparatus— Stretchers.  Figs.  1-8,  Rescue  Apparatus  manufactured  by  O. 
Neupert's  Successor  (Mayer-Pilar  System) ;  1,  Front  View;  2,  Section  through  Bag  and  Mask  ; 
3,  Rear  View ;  4,  Apparatus  and  Mask  laid  out  Flat  (view  from  above) ;  5,  Apparatus  and  Mask 
laid  out  Flat  (view  from  below) ;  6,  Locking  Device  for  Closing  Bag ;  7,  Apparatus  Complete, 
Mounted  for  Rescue  Work ;  8,  Improved  Valve  in  the  Respiration  Tubes ;  9-12,  Stretchers. 
Fig.  9,  Stretcher  Covered  with  Brown  Canvas;  10,  Stretcher  Covered  with  Brown  Canvas, 
fitted  with  Adjustable  Head-rest:  11,  Folding  Stretcher  Covered  with  Brown  Canvas;  12, 
Rupprecht's  Stretcher  Covered  with  Brown  Canvas  ;  13,  Dr.  Riihlmann's  Stretcher. — Sheet 
IV.,  Dams.  Figs.  1-7,  R.  Wagner's  Portable  Safety  Dam.— Sheet  V.,  Signalling  Appliances 
— Dam  Construction — Cable  Laying.  Figs.  1-3,  Signalling  Appliances;  1,  Small  Induction 
Apparatus  for  Pit  Work;  2,  Bell  Signal  for  Pit  Work;  3,  Pit  Telephone;  4-18,  Dam  Con  = 
struction;  4,  5,  Upright  Timber  Dam;  6,  7,  Timber  Dam  with  Wooden  Door;  8,  9,  Dome- 
shaped  Dams ;  10, 1 1,  Dome-shaped  Dam  with  Iron  Door ;  12, 13,  The  Wenker  and  Berninghaus 
Locking  Device  for  Dam  Doors;  14-17,  Dam  Construction;  18,  Damming  a  Gallery  Lined  with 
Iron  ;  19,  Support  for  Cable.— Sheet  VI.,  Working  with  Diving  Gear  in  Irrespirable  Gases 
—Gallery  Work.  Figs.  1-4,  Air-Lock  Work  (Mayer  System);  5-7,  Air-Lock  (Mauerhofer's 
Modification  of  the  Mayer  System);  8-11,  Construction  of  Dams  at  the  Pluto  Shaft.— Sheet 
VII.,  Working  with  Diving  Gear  in  Irrespirable  Gases  (Mayer  System)— Appliances  in 
the  Shaft.  Figs.  1,  2,  Sections  of  Shaft  and  Air  Apparatus ;  3,  Salzmann  Reducing  Valve  for 
Reserve  Air  Supply ;  4,  5,  L.  v.  Bremen's  Respiration  Apparatus  with  Karwin  Reserve  Ap- 
pliance ;  6,  Cross  Section  of  the  Franziska  Shaft ;  7,  Method  of  Supplying  Air  to  Main  Pipe 
and  Winding  same  on  Drum  ;  8,  Clamp. 

Press   Opinions. 

"  A  work  of  this  extremely  valuable  character  deserves  to  be  made  widely  known  amongst 
colliery  managers  and  mining  engineers  at  home  and  abroad." — Coal  and  Iron. 

"This  book  is,  in  a  manner,  unique.  The  literature  of  mining  accidents  is  fairly  extensive, 
but  it  consists  largely  of  departmental  Blue  Books."— Sheffield  Daily  Telegraph. 

"A  concise  and  lucid  description  of  the  principal  methods  pursued,  especially  in  fiery 
mines,  and  of  the  various  appliances  employed,  such  as  respiratory  and  rescue  apparatus, 
dams,  etc." — Staffs  Advertiser. 

"The  prevention  of  spontaneous  combustion  in  collieries  and  the  extinction  of  underground 
fires  are  duties  that  fall  heavily  on  many  colliery  managers.  They  should,  therefore,  welcome 
this  translation  of  Mr.  Lamprecht's  German  treatise." — Ironmonger. 

"The  book  under  notice  supplies  the  needed  full  description,  drawings,  and  mode  of  using 
these  new  appliances  in  actual  fires,  and  should  be  studied  by  every  colliery  manager,  seeing 
that  even  our  best  managed  collieries  have  not  been  free  from  fires,  more  or  less  disastrous 
to  life  and  property. — Colliery  Manager. 
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THE  PREVENTION  OF  SMOKE.  Combined  with  the 
Economical  Combustion  of  Fuel.  By  W.  C.  POPPLEWELL,  M.Sc., 
A.M.Inst.,  C.E.,  Consulting  Engineer.  46  Illustrations.  190  pp. 
1901.  Demy  8vo.  Price  7s.  6d.  ;  India  and  Colonies,  8s.;  Other 
Countries,  8s.  6d.  ;  strictly  net. 

Contents. 

Introductory. — Chapters  I.,  Fuel  and  Combustion. — II.,  Hand  Firing  in  Boiler  Furnaces. — 
III.,  Stoking  by  Mechanical  Means.— IV.,  Powdered  Fuel.— V.,  Gaseous  Fuel.— VI.,  Efficiency 
and  Smoke  Tests  of  Boilers.— VII.,  Some  Standard  Smoke  Trials.— VIII.,  The  Legal  Aspect 
of  the  Smoke  Question.— IX.,  The  Best  Means  to  be  adopted  for  the  Prevention  of  Smoke.— 
Index. 

GAS  AND  COAL  DUST  FIRING.  A  Critical  Review  of 
the  Various  Appliances  Patented  in  Germany  for  this  purpose  since 
1885.  By  ALBERT  PUTSCH.  130  pp.  Demy  8vo.  1901.  Translated 
from  the  German.  With  103  Illustrations.  Price  7s.  6d.  ;  India  and 
Colonies,  8s. ;  Other  Countries,  8s.  6d. ;  strictly  net. 
Contents. 

Generators — Generators  Employing  Steam — Stirring  and  Feed  Regulating  Appliances — 
Direct  Generators — Burners — Regenerators  and  Recuperators — Glass  Smelting  Furnaces — 
Metallurgical  Furnaces— Pottery  Furnace— Coal  Dust  Firing.— Index. 

Press  Opinions. 

"  The  work  is  worthy  of  perusal  by  all  consumers  of  fuel.  It  is  exceedingly  well  printed 
and  illustrated." — Chemical  Trade  Journal. 

"  The  book  will  appeal  with  force  to  the  manufacturer  as  well  as  to  the  technical  student, 
whilst  it  is  also  of  far  more  than  average  interest  id. the  general  reader." — Halifax  Guardian. 

"The  importance  that  gas  and  coal  dust  firing  have  attained  of  recent  years,  and  especially 
the  great  interest  attaching  of  late  to  the  question  of  coal  dust  firing,  makes  the  appearance 
of  the  present  volume  most  opportune." — Iron  and  Coal  Trades  Review. 

"  The  German  author  has  long  followed  the  development  of  various  systems  of  gas  firing, 
and  in  the  present  treatise  he  discusses  the  merits  of  appliances  patented  since  1885.  His  text 
and  the  numerous  illustrations  indispensable  to  it  will  be  found  useful  by  all  who  are  engaged 
in  practical  work  in  the  same  field." —  North  British  Daily  Mail. 

Books  on  Plumbing,  Decorating, 
Metal  Work,  etc.,  etc. 

EXTERNAL  PLUMBING  WORK.  A  Treatise  on  Lead 
Work  for  Roofs.  By  JOHN  W.  HART,  R.P.C.  180  Illustrations.  270 
pp.  Demy  8vo.  1896.  Price  7s.  6d. ;  India  and  Colonies,  8s. ;  Other 
Countries,  8s.  6d. ;  strictly  net. 

Contents. 

Chapters  I.,  Cast  Sheet  Lead.— II.,  Milled  Sheet  Lead.— III.,  Root  Cesspools.— IV.,  Socket 
Pipes.— V.,  Drips.— VI.,  Gutters.— VII.,  Gutters  (continued).— VIII.,  Breaks.— IX.,  Circular 
Breaks.— X.,  Flats.— XL,  Flats  (continued).— XII.,  Rolls  on  Flats.— XIIL,  Roll  Ends.— XIV., 
JRoll  Intersections.— XV.,  Seam  Rolls.— XVI.,  Seam  Rolls  (continued).— XVII.,  Tack  Fixings. 
—XVIII.,  Step  Flashings.— XIX.,  Step  Flashings  (continued).— XX.,  Secret  Gutters.— XXI., 
Soakers.— XXII.,  Hip  and  Valley  Soakers.— XXIII.,  Dormer  Windows.— XXIV.,  Dormer 
Windows  (continued).— XXV.,  Dormer  Tops.— XXVI.,  Internal  Dormers.— XXVII.,  Skylights. 
—XXVIII.,  Hips  and  Ridging.— XXIX.,  Hips  and  Ridging  (continued).— XXX.,  Fixings  for 
H ips  and  Ridging.— XXXI.,  Ornamental  Ridging.— XXXI I .,  Ornamental  Curb  Rolls.— XXXI II., 
Curb  Rolls.— XXXIV.,  Cornices.— XXXV.,  Towers  and  Finials.— XXXVI.,  Towers  and  Finials 
(continued).— XXXVIL.Towers  and  Finials  (continued).— XXXVIII.,  Domes.— XXXIX.,  Domes 
(continued).— XL.,  Ornamental  Lead  Work.— XLI.,  Rain  Water  Heads.— XLII.,  Rain  Water 
Heads  (continued). — XLIII.,  Rain  Water  Heads  (continued). 

Press  Opinions. 

"This  is  an  eminently  practical  and  well-illustrated  volume  on  the  management  of  external 
ead  work." — Birmingham  Daily  Post. 

"  It  is  thoroughly  practical,  containing  many  valuable  hints,  and  cannot  fail  to  be  of  great 
benefit  to  those  who  have  not  had  large  experience." — Sanitary  Journal. 

"  Works  on  sanitary  plumbing  are  by  no  means  rare,  but  treatises  dealing  with  external 
plumbing  work  are  sufficiently  scarce  to  ensure  for  Mr.  Hart's  new  publication  a  hearty  recep- 
tion."— The  Ironmonger. 

"With  Mr.  Hart's  treatise  in  his  hands  the  young  plumber  need  not  be  afraid  of  tackling 
outside  work.  He  would  do  well  to  study  its  pages  at  leisure,  so  that  he  may  be  ready  for  it 
when  called  upon." — Ironmongery. 
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HINTS  TO  PLUMBERS  ON  JOINT  WIPING,  PIPE 
BENDING  AND  LEAD  BURNING.  Third  Edition, 
Revised  and  Corrected.  By  JOHN  W.  HART,  R.P.C.  184  Illustrations. 
313  pp.  Demy  8vo.  1901.  Price  7s.  6d. ;  India  and  Colonies,  8s.  ; 
Other  Countries,  8s.  6d. ;  strictly  net. 
Contents. 

Introduction. — Chapters  I.,  Pipe  Bending. — II.,  Pipe  Bending  (continued). — III.,  Pipe 
Bending  (continued). — IV.,  Square  Pipe  Bendings. — V.,  Half-circular  Elbows. — VI.,  Curved 
Bends  on  Square  Pipe.— VII.,  Bossed  Bends.— VIII.,  Curved  Plinth  Bends.— IX.,  Rain-water 
Shoes  on  Square  Pipe. — X.,  Curved  and  Angle  Bends. — XI.,  Square  Pipe  Fixings. — XII.,  Joint- 
wiping.— XIII.,  Substitutes  for  Wiped  Joints.— XIV.,  Preparing  Wiped  Joints.— XV.,  Joint 
Fixings.— XVI.,  Plumbing  Irons.— XVII.,  Joint  Fixings.— XVIII.,  Use  of  "Touch"  in  Solder- 
ing.— XIX.,  Underhand  Joints. — XX.,  Blown  and  Copper  Bit  Joints. — XXL,  Branch  Joints. — 
XXII.,  Branch  Joints  (continued).— XXIII.,  Block  Joints.— XXIV.,  Block  Joints  (continued).— 
XXV.,  Block  Fixings.— XXVI.,  Astragal  Joints— Pipe  Fixings.— XXVII.,  Large  Branch 
Joints.— XXVII I. ,  Large  Underhand  Joints.— XXIX.,  Solders.— XXX.,  Autogenous  Soldering 
or  Lead  Burning. — Index. 

Press  Opinions. 

"  Rich  in  useful  diagrams  as  well  as  in  hints." — Liverpool  Mercury. 

"  The  papers  are  eminently  practical,  and  go  much  farther  into  the  mysteries  they  describe 
than  the  title  '  Hints '  properly  suggests." — Scotsman. 

"  The  articles  are  apparently  written  by  a  thoroughly  practical  man.  As  a  practical  guide 
the  book  will  doubtless  be  of  much  service." — Glasgow  Herald. 

"  So  far  as  the  practical  hints  in  this  work  are  concerned,  it  will  be  useful  to  apprentices  and 
students  in  technical  schools,  as  it  deals  mainly  with  the  most  important  or  difficult  branches 
of  the  plumber's  craft,  viz.,  joint  wiping,  pipe  bending  and  lead  burning.  ...  '  Hints '  are  the 
most  useful  things  to  an  apprentice,  and  there.  Are  many  in  this  work  which  are  not  to  be  found 
in  some  of  the  text-books." — English  Mechanic. 

"22  PRYME  STREET,  HULL,  24th  November,  1894. 

"  Gentlemen, — Your  books  to  hand  for.  which  accept  my  best  thanks,  also  for  circulars.  I 
myself  got  one  of  J.  W.  Hart's  books  on  Plumbing  from  your  traveller,  and  having  looked 
through  the  same  I  can  safely  recommend  it  as  being  the  best  book  I  have  seen.  Mr.  J.  W. 
Hart  treats  exhaustively  upon  soldering  and  pipe  bending,  which  are  two  of  the  most  essential 
branches  in  the  plumbing  trade. '^ 

THE  PRINCIPLES  AND  PRACTICE  OF  DIPPING, 
BURNISHING,  LACQUERING  AND  BRONZING 
BRASS  WARE.  By  W.  NORMAN  BROWN.  35  pp.  Crown 

8vo.     1900.     Price  2s. ;  Abroad,  2s.  6d.  ;  strictly  net. 
Contents. 

Chapters  I.,  Cleansing  and  Dipping;  Boiling  up  and  Cleansing;  Dipping. — II.,  Scratch- 
brushing  and  Burnishing;  Polishing;  Burnishing. — III.,  Lacquering;  Tools;  Lacquers. — 
IV.,  Bronzing  ;  Black  Bronzing  ;  Florentine  Red  Bronzing  ;  Green  Bronzing. — Index. 

Press  Opinions. 

"  Mr.  Brown  is  clearly  a  master  of  his  craft,  and  has  also  the  immense  advantage  of  being 
able  to  convey  his  instructions  in  a  manner  at  once  clear  and  concise." — Leicester  Post. 

"A  thoroughly  practical  little  treatise  on  the  subject  in  all  its  branches,  and  one  which 
should  be  in  the  hands  of  every  tradesman  or  amateur  who  has  lacquering  to  do." — Ii  ish  Builder. 

WORKSHOP  WRINKLES  for   Decorators,   Painters,  Paper- 
hangers  and  Others.     By  W.  N.  BROWN.     Crown  8vo.     128  pp.     1901. 
Price  2s.  6d. ;  Abroad,  3s.  ;  strictly  net. 
Contents. 

Parts  I.,  Decorating. — II.,  Painting. — III.   Paper-hanging. — IV.,  Miscellaneous. 
Arranged  in  alphabetical  order. 

HOUSE     DECORATING     AND     PAINTING.        By    W. 

NORMAN  BROWN.  Eighty-eight  Illustrations.  150  pp.  Crown  8vo. 
1900.  Price  3s.  6d. ;  India  and  Colonies,  4s. ;  Other  Countries,  4s.  6d.  • 
strictly  net.  Contents. 

Chapters  I.,  Tools  and  Appliances.— II.,  Colours  and  Their  Harmony.— III.,  Pigments  and 
Media.— IV.,  Pigments  and  Media.— V.,  Pigments  and  Media.— VI.,  Pigments  and  Media.— 
VII.,  Preparation  of  Work,  etc.— VIII.,  Application  of  Ordinary  Colour.— IX.,  Graining.— 
X.,  Graining.— XL,  Graining.— XII.,  Gilding.— XIII.,  Writing  and  Lettering.— XIV.,  Sign 
Painting.— XV.,  Internal  Decoration.— Index. 

Press  Opinion. 

L?  ?,uthor  IS  evidently  very  thoroughly  at  home  in  regard  to  the  technical  subjects  he  has 
set  himself  to  elucidate,  from  the  mechanical  rather  than  the  artistic  point  of  view,  although 
the  matter  of  correctness  of  taste  is  by  no  means  ignored.  Mr.  Brown's  style  is  directness 
itself,  and  there  is  no  tyro  in  the  painting  trade,  however  mentally  ungifted,  who  could  fail  tc 
carry  away  a  clearer  grasp  of  the  details  of  the  subject  after  going  over  the  performance  "- 
Building  Industries. 
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A  HISTORY  OF  DECORATIVE  ART.  By  W.  NORMAN 
BROWN.  Thirty-nine  Illustrations.  96pp.  Crown  8vo.  1900.  Price 
2s.  6d. ;  Abroad,  3s.  ;  strictly  net. 

Contents. 

Chapters  I.,  Primitive  and  Prenistoric  Art.— II.,  Egyptian  Art.— III.,  Assyrian  Art.— IV., 
The  Art  of  Asia  Minor.— V.,  Etruscan  Art.— VI.,  Greek  Art.— VII.,  Roman  Art.— VIII., 
Byzantine  Art. — IX.,  Lombard  or  Romanesque  Art. — X.,  Gothic  Art. — XI.,  Renaissance  Art. — 
XII.,  The  Victorian  Period.— Index. 

Press  Opinion. 

"  In  the  course  of  a  hundred  pages  with  some  forty  illustrations  Mr.  Brown  gives  a  very 
interesting  and  comprehensive  survey  of  the  progress  and  development  of  decorative  art.  It 
cannot,  of  course,  be  pretended  that  in  the  limited  space  named  the  subject  is  treated  ex- 
haustively and  in  full  detail,  but  it  is  sufficiently  complete  to  satisfy  any  ordinary  reader  ; 
indeed,  for  general  purposes,  it  is,  perhaps,  more  acceptable  than  a  more  elaborate  treatise." — 
Midland  Counties  Herald. 

A  HANDBOOK  ON  JAPANNING  AND  ENAMELLING 
FOR  CYCLES,  BEDSTEADS,  TINWARE,  ETC.  By 

WILLIAM   NORMAN   BROWN.     Price  2s.  net.  [Ready. 

Contents. 

A  Few  Words  on  Enamelling — Appliances  and  Apparatus — Japans  or  Enamels — To  Test 
Enamel  for  Lead — Japanning  or  Enamelling  Metals — Japanning  Tin,  such  as  Tea  Trays,  and 
similar  Goods — Enamelling  Old  Work — Enamel  for  Cast  Iron— Enamel  for  Copper  Cooking 
Utensils — The  Enamelling  Stove — Enamelling  Bedsteads,  Frames  and  similar  large  pieces- 
Paints  and  Varnishes  for  Metallic  Surfaces — Varnishes  for  Ironwork — Blacking  for  Iron — 
Processes  for  Tin  Plating — Galvanising — Metal  Polishes — Colours  for  Polished  Brass — A 
Golden  Varnish  for  Metal — Painting  on  Zinc — Carriage  Varnish — Japanese  Varnish  and  its 
Application. — Index. 

THE    PRINCIPLES    OF    HOT    WATER    SUPPLY.      By 

JOHN  W.  HART,  R.P.C.  With  129  Illustrations.  1900.  177  pp.,  demy 
8vo.  Price  7s.  6d. ;  India  and  Colonies,  8s. ;  Other  Countries,  8s.  6d.  ; 
strictly  net. 

Contents. 

Chapters  I.,  Water  Circulation.— 11.,  The  Tank  System.— III.,  Pipes  and  Joints.— IV.,  The 
Cylinder  System.— V.,  Boilers  for  the  Cylinder  System.— VI.,  The  Cylinder  System.— VII.,  The 
Combined  Tank  and  Cylinder  System. — VIII.,  Combined  Independent  and  Kitchen  Boiler. — 
IX.,  Combined  Cylinder  and  Tank  System  with  Duplicate  Boilers. — X.,  Indirect  Heating  and 
Boiler  Explosions.— XL,  Pipe  Boilers.— XII.,  Safety  Valves.— XIIL,  Safety  Valves.— XIV.,  The 
American  System.— XV.,  Heating  Water  by  Steam.— XVI.,  Steam  Kettles  and  Jets.— XVII., 
Heating  Power  of  Steam.— XVI 1 1.,  Covering  for  Hot  Water  Pipes.— Index. 

Press  Opinion. 

"  If  all  plumbers  were  to  read  this  book,  and  if  they  followed  the  instructions  given,  there 
would,  we  are  sure,  be  fewer  accidents  from  household  boiler  explosions,  and  many  lives  might 
be  saved.  No  doubt  the  majority  of  householders  know  or  care  little  about  the  subject,  but 
any  one  who  wishes  to  adopt  the  most  up-to-date  system  of  supplying  hot  water  throughout 
his  house  will  be  able  to  do  so  if  he  reads  Mr.  Hart's  book  and  follows  the  instruction  given. 
It  is  a  work  that  all  who  have  charge  of  domestic  water  supply  should  study.  It  is  a  practical1 
and  profitable  book." — Wigar  Observer. 

Brewing  and  Botanical. 

HOPS  IN  THEIR  BOTANICAL,  AGRICULTURAL 
AND  TECHNICAL  ASPECT,  AND  AS  AN  ARTICLE 
OF  COMMERCE.  By  EMMANUEL  GROSS,  Professor  at 
the  Higher  Agricultural  College,  Tetschen-Liebwerd.  Translated 
from  the  German.  Seventy-eight  Illustrations.  1900.  340  pp.  Demy 
8vo.  Price  12s.  6d. ;  India  and  Colonies,  13s.  6d.  ;  Other  Countries, 
15s. ;  strictly  net. 

Contents. 

PART  I.,  HISTORY  OF  THE  HOP. 

PART  II.,  THE  HOP  PLANT.  Introductory.— The  Roots.— The  Stem  and  Leaves.— 
Inflorescence  and  Flower :  Inflorescence  and  Flower  of  the  Male  Hop ;  Inflorescence  and 
Flower  of  the  Female  Hop.— The  Fruit  and  its  Glandular  Structure  :  The  Fruit  and  Seed.— 
Propagation  and  Selection  of  the  Hop. — Varieties  of  the  Hop:  (a)  Red  Hops;  (b)  Green  Hops; 
(c)  Pale  Green  Hops. — Classification  according  to  the  Period  of  Ripening:  1.  Early  August 
Hops;  2.  Medium  Early  Hops;  3.  Late  Hops. — Injuries  to  Growth :  Malformations;  Diseases 
Produced  by  Conditions  of  Soil  and  Climate:  1.  Leaves  Turning  Yellow,  2.  Summer  or  Sun- 
brand,  3.  Cones  Dropping  Off,  4.  Honey  Dew,  5.  Damage  from  Wind,  Hail  and  Rain  ;  Vegetable 
Enemies  of  the  Hop:  Animal  Enemies  of  the  Hop. — Beneficial  Insects  on  Hops. 
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PART  III.,  CULTIVATION.  The  Requirements  of  the  Hop  in  Respect  of  Climate,  Soil 
and  Situation  :  Climate ;  Soil ;  Situation. — Selection  of  Variety  and  Cuttings. — Planting  a  Hop 
Garden  :  Drainage ;  Preparing  the  Ground ;  Marking-out  for  Planting ;  Planting ;  Cultivation 
and  Cropping  of  the  Hop  Garden  in  the  First  Year. — Work  to  be  Performed  Annually  in  the 
Hop  Garden:  Working  the  Ground;  Cutting;  The  Non-cutting  System;  The  Proper  Per- 
formance of  the  Operation  of  Cutting :  I.  Method  of  Cutting :  Close  Cutting,  Ordinary  Cutting, 
The  Long  Cut,  The  Topping  Cut;  II.  Proper  Season  for  Cutting:  Autumn  Cutting,  Spring 
Cutting;  Manuring;  Training  the  Hop  Plant:  Poled  Gardens,  Frame  Training;  Principal 
Types  of  Frames ;  Pruning,  Cropping,  Topping,  and  Leaf  Stripping  the  Hop  Plant ;  Picking, 
Drying  and  Bagging.— Principal  and  Subsidiary  Utilisation  of  Hops  and  Hop  Gardens.— Life 
of  a  Hop  Garden ;  Subsequent  Cropping.— Cost  of  Production,  Yield  and  Selling  Prices. 

PART  IV.— Preservation  and  Storage.— Physical  and  Chemical  Structure  of  the  Hop  Cone. 
— Judging  the  Value  of  Hops. 

PART  V.— Statistics  of  Production.— The  Hop  Trade.— Index. 

Press  Opinions. 

"  The  subject  is  dealt  with  fully  in  every  little  detail ;  consequently,  even  the  veriest  tyro  can 
take  away  some  useful  information  from  its  pages." — Irish  Farming  World. 

"  Farmers  are  but  little  given  to  reading ;  but  nowadays  brewers  have  to  study  their  trade 
and  keep  abreast  of  its  every  aspect,  and  as  far  as  regards  our  trade,  to  them  this  book 
especially  appeals,  and  will  be  especially  useful"— Licensed  Victuallers'  Gazette. 

"  Like  an  oasis  in  the  desert  comes  a  volume  upon  the  above  subject,  by  the  Professor  at 
the  Higher  Agricultural  College,  Tetschen-Liebwerd,  Germany,  who  has  been  fortunate 
enough  to  obtain  an  excellent  translator  from  the  German  in  the  person  of  Mr.  Charles 
Salter.  The  paucity  of  works  upon  the  history  and  cultivation  of  hops  is  surprising  con- 
sidering the  scope  it  gives  for  an  interesting  and  useful  work." — Hereford  Times. 

"We  can  safely  say  that  this  book  deals  more  comprehensively  and  thoroughly  with  the 
subject  of  hops  than  any  work  previously  published  in  this  country.  .  .  .  No  one  interested  in 
the  hop  industry  can  fail  to  extract  a  large  amount  of  information  from  Professor  Gross's 
pages,  which,  although  primarily  intended  for  Continental  readers,  yet  bear  very  closely  on 
what  may  be  termed  the  cosmopolitan  aspects  of  the  science  of  hop  production." — South 
E  astern  Gazette. 

"This  is,  in  our  opinion,  the  most  scholarly  and  exhaustive  treatise  on  the  subject  of  hops, 
their  culture  and  preservation,  etc.,  that  has  been  published,  and  to  the  hop  grower  especially 
will  its  information  and  recommendations  prove  valuable.  Brewers,  too,  will  find  the  chapter 
devoted  to  'Judging  the  Value  of  Hops '  full  of  useful  hints,  while  the  whole  scope  and  tenor  of 
the  book  bear  testimony  to  the  studious  and  careful  manner  in  which  its  contents  have  been 
elaborated." — Brewers' Journal. 

"  Considering  the  extent  to  which  this  country  draws  its  hop  supplies  from  abroad,  this 
.translation  of  Professor  Gross's  volume  will  prove  an  interesting  and  instructive  addition  to 
the  library  of  any  brewer  or  brewers'  chemist,  the  more  so  as  the  work  of  translation  has  been 
admirably  carried  out  in  simple  and  vigorous  English.  .  .  .  The  volume  is  one  of  a  valuable 
series  of  special  technical  works  for  trades  and  professions  the  publishers  are  issuing,  and  is 
the  first  so  far  dealing  with  the  brewing  industry." — Burton  Mail. 

"  A  work  upon  the  above  subject  must  be  welcomed  if  for  no  other  reason  than  the  dearth 
of  books  dealing  with  so  interesting  a  theme,  but  fortunately  apart  from  this  the  book  will 
afford  excellent  reading  to  all  interested  in  hops  and  their  culture.  Professor  Gross  takes  one 
over  the  whole  field,  by  commencing  with  the  earliest  history  of  the  plant — so  far  back  as  the 
days  of  ancient  Greece — and  from  both  practical,  theoretical'  and  scientific  standpoints,  deals 
with  the  cultivation,  classification  and  formation  of  the  hop.  ...  In  speaking  of  the  produc- 
tion of  new  varieties  sound  information  is  given,  and  should  be  of  value  to  those  who  are 
always  in  search  of  improvements." — Hereford  Journal. 

"This  work  is,  without  doubt,  the  most  thorough  and  extensive  compilation  on  hops  ever 
yet  offered  to  the  public,  and  for  this  reason  should  be  warmly  welcomed  and  appreciated  by 
men  interested  in  the  subject.  Although  primarily  written  for  those  engaged  in  the  industry 
abroad,  and  mainly  Continental  in  theory  and  practice,  it  nevertheless  appeals  to  those  con- 
nected with  the  hop  growing  and  brewing  business  in  England,  not  only  by  way  of  a  com- 
parison, but  also  as  an  instruction.  The  volume  is  at  once  practical  and  scientific,  is  well 
got  up,  and  teems  with  illustrations  and  statistics.  In  a  word,  it  is  a  book  that  should  find 
its  way  into  the  hands  of  all  who  are  occupied  in  hop  production  and  distribution  at  home ; 
and  it  also  contains  valuable  information  and  suggestions  for  the  brewers  themselves." — 
Brewers'  Guardian. 

Public  Libraries. 

BRITISH  LIBRARY  YEAR  BOOK,  1900-1901.     A  Record 

of  Library  Progress  and  Work.  54  Illustrations.  Crown  8vo,  345  pp. 
1900.  Edited  by  THOMAS  GREENWOOD.  Price  3s.  ;  abroad,  3s.  6d.  ; 
strictly  net. 

Contents. 

Notes  for  Library  Committees.  Contributed  Articles  :  The  Library  Rat*.  Some  Points  in 
Library  Planning — Mr.  Burgoyne.  Library  Classification — Mr.  Jast.  Developments  in  Lib- 
rary Cataloguing — Mr.  Quinn.  Children  and  Public  Libraries — Mr.  Ballinger.  Fire  Prevention 
and  Insurance — Mr.  Davis.  The  Educational  Work  of  the  Library  Association — Mr.  Roberts. 
The  Library  Assistants'  Association— Mr.  Chambers.  British  Municipal  Libraries  established 
under  the  various  Public  Libraries  or  Special  Acts,  and  those  supported  out  of  Municipal  Funds 
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giving  particulars  of  Establishment,  Organisation,  Staff,  Methods  and  Librarians.  Table 
showing  the  Rate,  Income,  Work  and  Hours  of  the  Rate-supported  Libraries.  Statistical 
Abstracts.  British  non-Municipal  Libraries,  Endowed,  Collegiate,  Proprietary  and  others,, 
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